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small hours, today’s 


AUTOTECHNICON saves everybody’s time ... the 

pathologist, the technician, the surgeon, the pa- 

tient. Completely automatic overnight service is 

routine . .. finished tissues are available wifhin 

: short hours of surgery . . . diagnosis is prompt. 
Brochure is available on request (on your letter- 
head, please). 


THE TECHNICON COMPANY 
215 East 149 St., New York 51, N. Y. 


every phase of tissue processing automatically... 
fixation, dehydration, washing, infiltration, staining 
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UMPING UNITS # 


WO high-vacuum, high-speed pump- 
ing units are offered for general lab- 
oratory and production use. 
No. 93280 Pumping Unit consists of 
a Cenco-Pressovac and a D-P VMF 10 for exhausting to pressures of 10° mm or less. 
The pumping speed of this unit is 10 liters per second or better at 10* mm pressure. 
No. 93280A for 115 volt, 60 cycle A.C. (without diffusion pump oil) is $165.00. 


No. 93282 Pumping Unit consists of a Cenco-Pressovac and a D-P VMF 20. It is 
similar to No. 93280, but pumps with a speed of 20 liters per second or better at 10™ 
mm pressure. No. 93282A for 115 volt, 60 cycle A.C. is $175.00. 


Octoil or Octoil S is recommended for use in these pumps. 


Write for descriptive circular 1188. 


IRVING PARK ROAD, CHICAGO 13_ 
_ NEWYORK BOSTON SANFRANCISCO NEWARK LOS ANGELES TORONTO MONTREAL 


Cc ENTRAL SCIENTIFIC COMPANY 
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_—stthe new 1950 revision 


showing the newly-discovered element BERKELIUM, and all changes ap- 
proved Sept. 5, 1949, by the International Union of Chemistry at Amsterdam. 


PERIODIC CHART OF THE ATOMS ~3xi— 
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@ Completely Up-to-Date 
@ 1950 Atomic Weights 


@ Lithographed in Six Colors 
@ Size 42 x 58 inches 
Eg 1950 Edition represents the third extensive revision by 
. W. F. Meggers, Chief of the Spectroscopy Division, Na- 


tional Bureau of Standards. Every bit of information on the 
chart is brought up to date. 


The chart is lithographed in six colors and all routine infor- 
mation is printed in fa arge type so as to stand out distinctly. 
The atomic number is red; the atomic weight is black; and 
or color differentiations make the meaning of the symbols 
clear. 


ORDER TODAY FOR IMMEDIATE SHIPMENT 
W. M. WELCH 
SCIENTIFIC COMPANY 
Established 1880 
1515 Sedgwick Street, Dept. C-1 
Chicago 10, Illinois, U. S. A. 


No. 4854. 
Mounted on Metal Strips, top and bot- $7. 50 
tom, with Eyelets for hanging, with Key. 

or 
Mounted on Spring Roller in Metal $]5,0 
Case, with Key $ 5.00 


Laminated-matte finish, washable, waterproof 
plastic coating. 


Mail Invoice to 


Address 
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NON-CORROSIVE, RED LABEL 


MICRO COVER GLASSES 


Very flat, free from brittleness, and of the highest 
resistance to attack by moisture 


NOW OFFERED AT REDUCED PRICES 


Showing ¥% oz. round wooden boxes and carton containing 
twelve 4% oz. boxes (6 ounces) 


MICRO COVER GLASSES, Non-Corrosive, Red Label, A.H.T. Co. Specifica- 
tion. Cut, selected and packed in Philadelphia from Chance micro sheet made in Eng- 
land continuously since 1840—see, ‘‘Thin Glass for Microscope Cover-Slips,’’ Nature 
(London), Vol. 147, No. 3739 (June 28, 1941), p. 803—and of the same excellent quality 
as sold and recommended by us since 1902. 


This glass is of the highest resistance to attack by moisture, slightly greenish in color, 
remarkably free from brittleness, and very flat. 


The relative absence of a certain degree of brittleness found in many other resistance 
glasses is the unique physical characteristic of Chance micro sheet. This property greatly 
reduces breakage in handling and cleaning, particularly of large rectangles, and has been 
repeatedly emphasized by scientists, with many years experience, as a reason for their 
preference for this cover glass. 


Per oz. Per oz 
Per in 48 in 72 on 
= 
SQUARES, No. 1, 18 mm, 22 mm and 25 mn .............. 2.25 2.03 1.91 1.80 
No. 2, 18 mm, 22 mm and 25 mm .... ‘ 1.70 1.53 1.45 1.36 
CIRCLES, No. 1, 18 mm, 22 mm and 25 mm... 3.00 2.70 2.55 2.40 
No. 2, 18 mm, 22 mm and 25 mm ............... 2.25 2.03 1.91 1.80 
RECTANGLES, No. 1, 22x30 up to and including 
24x40 mm 2.25 2.03 1.91 1.80 
Ditto, No. 2 1.70 1.53 1.45 1.36 
LARGE RECTANGLES, No. 1, ic. 24x50 mm up 
to and including 48 x 60 mM ose 2.50 2.25 2.13 2.00 
Ditto, No. 2 1.90 1.71 1.62 1.52 


* One size, shape and thickness only. 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA 5, PA., U.S.A. 
Cable Address, BALANCE, Philadelphia 
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BARGAINS in WAR SURPLUS OPTICS 


ASSEMBLE YOUR OWN BINOCULARS! 
Complete Optics! Complete Metal Parts! 
Save More Than % Regular Cost 

GOVT. 7 x 50 BINOCULARS 
Here’s an unusual opportunity to 
secure a fine set of Binoculars at 
a substantial saving of money. 
Offered here are complete sets of 
Opties and Metal Parts for the 
7 x 50 Binoculars. These com- 
ponents are new and all ready 
for assembiy. We supply full in- 
structions. 
METAL PARTS—Set includes all 
Metal Parts—completely finished 
—for assembly of 7 x 50 Binocu- 
No machining required. 

A sturdy Binocular Carrying Case 
is optional with each set of Metal Parts. 

plus $4.80 for Case—Total $14.26 


OPTICS—Set includes all Lenses and Prisms you need for 
assembling 7 x 50 Binoculars. These Optics are in excellent 
condition—perfect or near perfect—and have new low reflec- 
tion coating. 

Stock #5102-W ....... 7x W Optics ....... 25.00 Postpaid 
(These are standard American-made parts ... not Japanese) 
NOTICE: Add 20% Federal Excise Tax if you buy both Bi- 
nocular Optics and Metal Parts. 


PLASTIC HOBBYISTS!—Your chance to get a large, heavy 
piece of super, optical quality Plexiglas, approx, 1%” thick, 
bt long, 644” wide... weight, 4 Ibs. 5 ozs. Actually a 

S. Army Plexiglas Periscope containing at least $7.00 


on of Plexiglas. Carve it! Saw it! Mold it! Makes 
numerous plastic novelties. 
6 or more units ....... avsinvasawaecaes $2.75 each Postpaid 
SEE COLOR TELEVISION NOW! TODAY! 


- - for only $1.00 

See your Black and White image in vivid colors. Your 
optical “converter” is one of our Plain Tank Prisms. Simply 
hold it up to your eyes and look through the prism. Your 
television image will take on brilliant hues of red, orange, 
yellow, blue, green, indigo, violet. A beautiful sight! Prac- 
tical? Not for steady use, but definitely a unique and novel 
effect. These prisms are war surpius... sold at a frac- 
tion of their original cost. 
Steck #3101-W—Plain Tank Prism 

(Seconds—Slightly chipped ... $1.00 Pstpd. 
Stock #3005-W—Plain Tank Prism (First Class) $2.00 Pstpd. 


8 POWER ELBOW TELESCOPE 
Gov’t Cost $200.00! Our Price $27.50! 

Big 2” diameter objective. All lenses Achromatic. Amici 
prism erects the image. 4 built-in filters—clear, amber, 
neutral and red. Slightly used condition but all guaranteed 
for perfect working order. Weight 5 lbs. Can be carried 
but a trifle bulky. Excellent for finder on Astronomical 
Telescope. 


RIGHT ANGLE PRISMS 


Stock #3122-W .. .xX 6mm. Face .... $ .80 Pstpd. 
Stock #3131-W . x 13 mm. Face .... $1.00 Pstpd. 
Stock #3145-W . xX 19 mm. Face .... $1.00 Pstpd. 
Stock #3162-W 235 mm. x 25 mm. Face .... $1.50 Pstpd. 
Stock $3155-W 31 mm. x 31 mm. Face .... $3.00 Pstpd. 
Stock #3102-W .... 32 mm. x 33 mm. Face .... $1.00 Pstpd. 
Stock #3169-W .... 41 mm. x 40 mm. Face .... $3.00 Pstpd. 
Stock #3091-W .... 47 mm. x 47 mm. Face .... $4.00 Pstpd. 
Stock #3054-W .... 167 mm. x 49 mm. Face .... $4.00 Pstpd. 


THICK FIRST SURFACE MIRROR—Aluminized and hard 
coated. May be cleaned without 1 ey surface. 
cally flat to %4 wave. Size 3-13/16” x 3-3/16” . 
thick. ae substitute for large Right Angle Prism. 
Stock #562- .00 Postpaid 
EYE-PIECE—Consists of 2 Achromatic Lenses. 
F.L. 28 mm. in a metal mount. 


MOUNTED PROJECTING 
LENS SYSTEM 
F.L. 91.44 mm. (just pes for 35 mm. Pro- 


jectors). Speed of F. Outside dia. of 
mount at one end 60 mm. Length of mount 
64 mm. 

SIMPLE LENS KITS! — THE LENS 


CRAFTERS DELIGHT! Fun for adults! 
Fun for children! Kits include plainly 
written illustrated booklet showing how you can build lots 
of optical items. Use these lenses in photography for copy- 
ing. ULTRA CLOSE- UP SHOTS, Microphotography, for 
“Dummy Camera”, Kodachrome Viewer, Detachable Reflex 
View Finder for °35 mm. cameras. Stereoscopic Viewer, 
ground glass and enlarging focusing aids. And for dozens 
of other uses in experimental optics, building TELESCOPES, 
low power Microscopes, ete. 


Stock +10-W—80 lenses ..................... $10.00 Postpaid 


MOUNTED PROJECTION LENS—Speed F/19... F.L. 15 
mm. $22.00 value for $7.50. Low Reflection C ated. Used on 
8 or 16 mm. Movie Projectors... or to make a Desk Viewer 


or Editor . . . for 16 mm. Micro-tilm Reader . . . for Con- 

tour Projector for very small items. 

LOOK! LOOK! LOOK! 

Sheet Polarizing Material— 

Stock +691-W ..... Pair of 1” dia. Circles ..... 20¢ Pstpd. 

Stock +692-W ..... Pair of 2” dia. Circles ..... 35¢ Pstpd. 


CONDENSING LENSES—Seconds, but suitable for En- 
largers and Spotlights. 

Stock +1103-W . 29/32” dia. 144” F.L. ... $ .50 ea. Pstpd. 
Stock +1086-W ..- 111/16” dia. 3” F.L. ... $ .25 ea. Pstpd. 


Stock #1077-W .... 234” dia. 3” F.L. .... $1.00 ea. Pstpd. 
Stock #1084-W .... 234” dia. 4” F.L. .... $1.00 ea. Pstpd. 
Stock #1099-W ... 47/16” dia. 614” F.L. ... $1.20 ea. Pstpd. 


Stock +1080-W ..... Ge $1.00 ea. Pstpd. 
Stock #1019-W ..... CO da, $2.00 ea. Pstpd. 
Stock #1061-W ..... $2.50 ea. Pstpd. 


LENS CLEANING TISSUE—1st quality, sheet size 11” x 


7144”. Made to Govt. Specs. Free of abrasives. High wet 
strength. 
Steck $721-W ......... $1.00 Pestpaid 


SLIDE PROJECTOR SETS—Consist of all unmounted lenses 
you need to make the following size projectors: 


Stock 34038-W ......... $3.35 Postpaid 
Stock #4039-W ......... $3.35 Postpaid 


MOUNTED TELESCOPE EYE-PIECE—Kellner type. Ex- 
cellent astronomical and other telescopes. War Surplus. 
Government cost about $18.00. Focal length 24 mms. Lens 
Diameter 23 mms. Unusually wide field. 


TERRIFIC BARGAIN! 
BUBBLE SEXTANT 


BRAND NEW and with Auto- 
matic Electric Averaging Device 
and Illuminated Averaging Disc 
for nighttime use. Govt. cost 
$217. Though brand new, we 
have re-checked Bubble and Col- 
limation and guarantee perfect 
working order. 


Stock 7933-W .. 


$22.50 Postpaid 


A IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


Sa We Hove Literally Millions of War Surplus 
Write for FREE CATALOG W Lenses and Prisms for Sale at Bargain 
@- Prices. Numerous Types of Instruments Too? 


ORDER BY SET OR STOCK NO. 


DMUND SALVAGE COMPANY: BAR 
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“Best written, most teachable, most easily 
understood books in embryology” 


This is just one of the numerous comments teachers like yourself have 
made about Patten’s Human, Chick, and Pig. Well written, readable, 
interesting and complete, they offer clear explanations of the most 
complicated material. Why not consider them for fall adoption! 


PATTEN 


Human Embryology 


A reference and text acclaimed in 89 colleges 
for its interesting presentation. It develops 
each aspect of the subject in a systematic and 
stimulating manner, and presents embryology 
as a basis for understanding other aspects of 
practical medicine. A special chapter. planned 
to facilitate correlation of text and laboratory 
study, is provided. 

The original illustrations by the author are 
outstanding for their accuracy in detail and 
artistic beauty. 

1,336 drawings and photographs, 53 in color; 
776 Pages; $8.00 


Pig (3rd Edition) 


An authoritative and well illustrated source 

book. All the organ systems are presented 

briefly, clearly and directly. Clear illustrations 

aid in interpretation of lab material. Over 100 

adoptions. 

186 Illustrations; 412 Figures (many in color); 
352 Pages; $3.75 


Chick (3rd Edition) 


Widely used in 200 colleges. Basic facts of 
development are presented in brief, simple 
form. Details are carried through the first four 
days in incubation. 

87 Illus.; 228 Pages; $2.85 


Unique in its Ability to Fire Student Enthusiasm 
DAWSON 


Lambert's Histology 


Carefully written, scholarly book fulfilling the 
needs of beginning students in histology. Nine 
chapters are devoted to the study of body 
tissues; twelve chapters to the different organ 
systems. An important feature of this revision 


The Blakiston asl Please send the items checked; 4 check is enclosed (]; charge my 


Company 


1012 Walnut Street 


0 Patten’s Chick 


X U, THE BLAKISTON COMPANY, 1012 Walnut Street, Philadelphia 5, Pa. 


account [_]. It is understood that you wi 
books that I wish to return within 10 days. 


0 Patten’s Human Embryology 


is the addition of methods of identifying un- 
known tissues, thus helping to eliminate con- 
fusion for beginning students. Includes an 
excellent laboratory guide. 

296 Illustrations; 696 Pages; $6.00 


SEND FOR YOUR EXAMINATION COPY 


O Patten’s Pig 
O Dawson—Lambert’s Histology 


ADDRESS. 


credit my account in full for any 


| 


Philadelphia 5, Pa. NAME 


CITY, 


ZONE. STATE, 


SCI 5-5-50 
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Just as Corning makes the most complete 
line of standard laboratory glassware 
available anywhere in the world, it also 
has on file thousands of special apparatus 
drawings for quick reference. Hence, the 
answer to your particular problem may 
be on file since accurate records have 
been maintained of every special require- 
ment for years. And the skill that it takes 
to convert drawings into finished equip- 
ment is always on tap. This experience is 
bound to reflect itself in practical design 
at reasonable cost. 

So, regardless of how complicated your 
problem may appear, it will be to your 
advantage to contact Corning for recom- 
mendations. This involves no obligation 
to you in the least. 

If the problem is relatively simple, one 
that might be solved with minor changes 
in standard apparatus, you may wish to 
tackle the job yourself. If so, you will find 
the ““Laboratory Glass Blowing Manual” 
helpful. It contains many practical 
suggestions for working PYREX and 
VYCOR glasses. Write to Corning for 
your copy. 


CORNING GLASS WORKS CORNING, N. Y. 
Corning meant research ie 


Laboratory Glassware, Glass Pipe, Plant Equipment, Lightingware, 
Technical Products Division: ered Gauge Glasses, Optical Glass, Glass Components 
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HUMAN BRAIN MODEL 


Twice Natural Size 
Made of “Everlasting” Rubber Composition 


into three parts, with ac- 
curacy stressed in every detail. One of 
our new models, suitable for courses in 
Biology, Anatomy, Psychology, etc. 

In model LMF439 details are fluo- 
resced so that when used with black 
light the effect is startling, both visually 
and pedagogically. 


Ou: “everlasting” rubber composition, made in accordance with a special formula, actually 
revolutionizes the manufacture of biological models. The fear of breakage is eliminated. Once 
used in your courses, no others will serve satisfactorily. 


LM 439 Human Brain, 2x. Dissectible into 3 parts ........... $39.50 
LMF 439 Human Brain, 2x. With detailed parts fluoresced ..... 48.50 
Buy Nyssco “Everlasting” — Ask for Cat. No. 7J 
NEW YORK SCIENTIFIC SUPPLY CO. 
28 West 30th Street New York 1, N. Y. 


YEAR AFTER YEAR YOU CAN 
DEPEND ON “UNIFORMULA” 
LABORATORY CHOW 


Purina Laboratory Chow is made to 
give you uniformity of feeding results 
through several generations of labora- 
tory animals. Today you can feed the 
same “uniformula” Purina Laboratory 
Chow... made from fine ingredients 
exactly in the same formula as it was 
last year and the years before. See your 
nearest Purina Dealer and begin today 
feeding constant, dependable Purina 
Laboratory Chow. 


I Ralston Purina Company 

l 1704 Checkerboard Square 

| St. Louis 2, Missouri 

| Please send me your 28-page handbook on the care and 
| feeding of laboratory animals (SP 4629). 
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TEXTBOOK OF HEALTHFUL LIVING. New 4th edition 
By Haroxp §S. M.D., University of Minnesota. 776 pages, $4.00 

A new revision of a very successful personal hygiene text, this edition incorporates recent ad- 
vances in the improvement of personal health, preventive medicine, and public health. Major 
additions occur in the section devoted to COMMUNITY HEALTH, which is increased from two 
to eight chapters. Graphs, charts, and tables have been revised to bring them up to date, and 
three new figures have been added. Reading suggestions and discussion questions have been 
modified to include recent references of special significance. 


THE NATURE OF PHYSICAL REALITY. A Philosophy of Modern Physics 

By Henry Marcenav, Yale University. 479 pages, $6.50 
A discussion by a distinguished physicist of the philosophical implications of the developments of 
modern science, covering many topics not heretofore treated; metaphysics contained in physics, 
causality, the meaning of measurements, latent observables, the philosophy of the exclusion prin- 
ciple, and the meaning of reality. ; 


PRINCIPLES OF SEDIMENTATION. New 2nd edition 

By W. H. TwWENHOFEL, University of Wisconsin. 674 pages, $6.50 
Although containing the same approach and organization, this new revision has been brought fully 
up to date. It treats sediments, beginning with origins, through transportation and deposition to 
formation of sedimentary rocks. Several new topics have been included, such as a diseussion of 
selenium as a sediment. The number of illustrations has been approximately doubled. 


INTRODUCTION TO NEUROPATHOLOGY 
By Samueu P. Hicxs, M.D. and SHIELDS WarrEN, M.D., Departments of Pathology of 
the Harvard Medical School and the New England Deaconess Hospital. 475 pages, $10.00 
This profusely illustrated volume of the fundamentals of neuropathology presents a new ap- 
proach to the mechanisms, dynamic sequences, and pathologic physiology of disease processes in 
nervous tissues. The authors treat the special features of nervous disease together with the basic 
principles of the disease processes in general pathology. 


THE ORGANIZATION OF INDUSTRIAL SCIENTIFIC RESEARCH. 


New 2nd edition 
By C. E. K. Mees and J. A. LEERMAKERS, Eastman Kodak Research Laboratories. 383 
pages, $5.00 
Presents an account of the history and development of industrial scientific research, the general 
principles of its conduct, and an analysis of the methods actually used for the organization and 
operation of industrial research laboratories. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42nn STREET, NEW YORK 18, W. Y. 
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SHIELDS 


TECHNICAL ASSOCIATES 


PIONEER MANUFACTURERS OF RADIATION INSTRUMENTS 


3728 SAN FERNANDO ROAD, GLENDALE 4, CALIFORNIA 


he Mew 


ZEISS 


STEREO 
MICROSCOPE 


Magnification 6x to 
80x. The working 
distance is 334” for 
all magnifications. 


Best Stereoscopic Mi- 
croscope for Medicine 
(blood sludge), Biol- 
ogy, Geology and In- 
dustrial Work. 


Write For Illustrated 
Folder 


ERIC SOBOTKA CO. « 
102 West 42d Street, New York 18, N. Y. 
@ Specialists in Leitz and Zeiss Optical Equipment 


Reg. U.S. GBI Pat. Off. 


CrysTALLINE 
VITAMINS 


Essential as Standards and 
Supplements for Biological Research 


Alpha Carotene Inositol 
Beta Carotene Folic Acid 
ner Menadione 

eta— alpha 
Vitamin A — 
Ascorbic Acid Niacin Amide 
Alpha Tocopherol P-Aminobenzoic 
Vitamin By Pantothenate, Ca 
Biotin Pyridoxine HCl 
Calciferol Riboflavin 


Choline Chloride Thiamin Chloride 
Write for Price List No. 677 


GENERAL BIOCHEMICALS, INC. 


60 LABORATORY PARK CHAGRIN FALLS, OHIO 


10 
Lz 
THIN-WINDOW 
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Outstanding texts in the biological sciences 


Biology of the Vertebrates 
Third Edition 
By Waiter and Sayles 


In making the revision, Dr. Sayles has kept the flavor of the previous editions 
while bringing all the information up to date. Many new illustrations have been 
selected from a variety of sources, and several chapters have been rewritten in 
the light of recent research. $6.00 


Laboratory Explorations 


in General Zoology 
Revised Edition 
By Karl A. Stiles 


This revision of a popular manual follows the same general plan of the first edi- 
tion, with some changes in the order of the material and several new additions. 
The book has been revised throughout, now offering a wider range of material but 
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Molecular Kinetic and Electrophoretic 


Properties of Bacteriophages’ 


Frank W. Putnam 


Department of Biochemistry, University of Chicago, Chicago, Illinois 


HE BACTERIOPHAGES (or bacterial vi- 
ruses) are a group of filterable infectious 
agents of complex morphological and genetic 
structure which are capable of reproduction 
only in specific bacterial hosts. They possess the 
fundamental attributes of viruses but are named for 


Fig. 1. 


pH 4.95. 
ponent is present. 


their dramatic property of producing lysis of the in- 
fected host cell. In recent years the bacteriophages 
have been selected as models for study of the nature 
of virus reproduction (11, 18, 19) because of their 
nonpathogenicity, the ease and economy of their pro- 
duction, the availability of a rapid, simple, accurate 
method of assay, and their capacity for growth on 
bacteria cultured in a synthetic medium. The same 
characteristics and a relatively large size expedite pu- 
rification, yet only a few bacteriophages have thus far 
been purified and studied by physicochemical methods. 

Study of the molecular kinetie and electrophoretic 
properties of the bacteriophages may aid in clarifying 
the question about the molecular nature of viruses and 
also affords an opportunity for comparing the validity 
of the direct and indirect methods of estimating the 
size and shape of particles, especially for the case of 
nonellipsoidal particles. 

Experimental methods. The molecular kinetic and 
electrophoretic methods are dynamie methods which 
measure the translational velocity of an artificially 
created boundary (concentration gradient between sol- 


1Aided by a grant of the National Foundation for In- 
fantile Paralysis. 


Photographs taken at 16-min intervals at a rotor speed of 3150 rpm. 
that the light-absorbing region due to opalescence of the phage sediments with the refractive index gradient. 


vent and solution) as the result of imposition of an 
external field or of normal Brownian motion. The 
methods are familiar and are described elsewhere (13, 
21). In the sedimentation velocity ultracentrifuge, 
the external field is centrifugal foree, which causes 
the sedimentation and separation of constituents on 


Sedimentation velocity diagram of Ts bacteriophage in 0.15 ionic strength sodium chloride-sodium acetate buffer 


The sharp vertical line is the meniscus. Note 
A single com- 


the basis of molecular size and shape. In electro- 
phoresis, the translational motion is produced by ap- 
plication of an electrical field, which results in the 
migration and separation of constituents at character- 
istie rates determined by the net charge density. Free 
diffusion, however, is effected only by Brownian mo- 
tion (random thermal motion). Sinee no external 
force is applied in free diffusion, no separation of 
constituents occurs, and the mean position of the 
boundary is unaltered. 

Although each of the three methods yields charac- 
teristic molecular constants, only sedimentation veloc- 
ity and electrophoresis give visible evidence of purity. 
In the ultracentrifuge each molecular component, and 
in electrophoresis each electrical component, gives rise 
to aseparate boundary. The velocity of the boundary, 
as well as its rate of spreading, may be measured pre- 
cisely by optical techniques which may be identical for 
the three physical methods. An illustration is given 
in Fig. 1, showing the sedimentation of an appar- 
ently homogeneous preparation of bacteriophage T,. 

Molecular constants. The bacteriophages reportedly 
range in size from 10 mu up to 200 mu. Most of the 
early estimates of size are based on ultrafiltration or 
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TABLE 1 


S$1zE, SHAPE, AND MOLECULAR CONSTANTS OF SOME PURIFIED BACTERIOPHAGES*® 


Electron Ultra- Diffusion Specific Infectivity Particle 
microscope centrifuge volume weight 
Type 
tail Se deat deat deat Ms,p Biol. 
1077 
mp mp mu cm? mu ml/g g N/phage mu 106 1066 
sec 
Coliphagest 
| 50 120 x 10 
| Ts ¢- 90 170 x 15 
— 
To 60x80 100x20 1000 59 0.66 1.3x 1076 107 584 
700 50 
. 0.80 53 
Te 1050 61 0.45 94 (0.66) 1 98 167 460 
825 54 
45 none 1.19 36 
31 
7 & 45 none 480 43 0.68 0.5x107 80 246 
Staph. phage 650 77 0.18 235 0.83 1 x1076 93 530 300 


* For references, see the text. 


+ deq—The apparent spherical diameter, i.e., the equivalent diameter of an unhydrated sphere of the same mass and 


volume. 
Seale: 1 cem=150 mn. 

radiation inactivation studies, which yield only the 
order of magnitude (5). Later values rely on direct 
measurements of electron micrograph images of the 
individual particles (1). Although several dozen 
strains or varieties of phage have been examined by 
both these methods, only the staphylococcus phage of 
Northrop (15) and some of the “T” strains of Esche- 
richia coli bacteriophage have been prepared in rela- 
tively pure form and studied by molecular kinetic 
methods such as sedimentation in the ultracentrifuge 
(8, 10, 20) or diffusion (7, 9, 16,17). Electrophoretic 
data have thus far been published only for E. coli 
bacteriophage T, (19). The molecular constants and 
the apparent sizes and shapes of some well-purified 
bacteriophages are summarized in Table 1. 

In Table 1 the brackets in the “T” group of the first 
column refer to the serological classification as estab- 
lished by Delbriick (3), which also fits with the mor- 
phological findings in the second column. The electron 
micrograph dimensions are those given by Anderson 
(1), and in some instances are smaller than more re- 
cent values obtained by the metal shadow method (8, 
10). The sedimentation constants (S.,) refer to av- 
erage values in the concentration range above 0.5 mg 


phage per ml.2- For T, and T, bacteriophages is 
given for both the slow and the fast forms, each of 
which can be obiained as a single sharp sediment- 
ing boundary (8, 19, 20). The specific volumes 
were determined by the pyenometrie method for T, 
(22) and T,; (10), thus referring to the dry den- 
sity. The specifie volume of staphylococcus phage 
was determined by the sedimentation buoyancy method 
and is unusually high (23) ; figures in parentheses are 
assumed. The diffusion constants are corrected to the 
water basis at 20° C (D,,) and were determined by 
the porous disk method (15) for staphylococeus 
phage (at a concentration greater than 2x10" par- 
ticles per ml), by the multichambered analytical 
method (16) for T, and T, phage (at concentrations 
of 10% to 10'° phage per ml) and by the refractive 
index method (6) for T, phage (concentration of 10'* 
per ml). The infectivities give the grams of nitrogen 
per plaque (phage particle) for T, (8), T, (19), 
and T, (10) and refer to grams of protein nitrogen 
per phage for staphylococeus (15). 


Apparent diameters from indirect methods. The 


2 All sedimentation constants are given in Svedberg units 
(10-8 sec) and are corrected to the water basis at 20° C. 
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apparent or equivalent spherical diameters have been 
calculated from sedimentation, diffusion, and infec- 
tivity data and are given for comparison with the 
dimensions obtained directly from electron micro- 
graphs. The apparent diameters were calculated from 
S.5, assuming spherical particles and no hydration, 
from a formula based on Stokes’ Law 
r2= 9nS2 
2 (Py — Ps) 
in which r is the radius, n the viscosity of water at 
20° C, and p,, and p, the density of the protein and 
the solvent respectively (21). Particle sizes were also 
computed from the well-known Einstein equation for 
the diffusion of a spherical particle 
RT 1 
6arn 
where R is the gas constant, T the absolute tempera- 
ture, and N the Avogadro number (21). In addition, 
particle sizes have been calculated from infectivity 
measurements and the nitrogen content from the rela- 
tion: 


Weight of particle in grams = 4/3 xr? p,. 
This procedure is especially appropriate for the 
phages for which the infectious unit is a single par- 
ticle. The molecular weights, or more strictly speak- 
ing the particle weights, were obtained from S,, and 
Dzgo, using the familiar Svedberg equation (21) 


which is derived without making any assumptions 
about the shape, structure, or hydration of the par- 
ticle. Particle weights computed from the infectivities 
by multiplying the weight of the single infectious unit 
by N may be considered maximum values, since they 
are dependent on the efficiency of plating factor in the 
assay as well as on the purity: of the virus. 

Electron micrograph characteristics. Of all viruses 
the bacteriophages present the most unusual and com- 
plex morphology in electron micrographs. As indi- 
cated in Table 1, the coliphages are of two types: the 
round phages, and the tailed phages. The latter are 
characteristic sperm-shaped or tadpole-shaped par- 
ticles with large heads and elongated tailpieces, and 
give some evidence of differentiated internal structure. 
In this group T,, T,, and T, represent a family of 
serologically related phages which are indistinguish- 
able in the electron microscope and have similar molec- 
ular kinetie constants. The tailed structure is not a 
peculiarity of the coliphages, but is found in many 
other types, some of which have rather bizarre shapes. 
Several recent reviews have described the various 
forms of phages and have discussed the significance 
of the electron microscope evidence for internal struc- 


ture and the possible presence of an external mem- 
brane on some of these particles (1). The function 
of the tail is uncertain, but some authors have sug- 
gested that the bacteriophages possess a special kind 
of motility (17). Other authors have concluded that 
even the tailless phages dissociate on dilution to form 
smaller particles (9, 15). These hypotheses will now 
be examined by comparison of the size of the infec- 
tious unit as revealed by direct electron micrograph 
measurements, the indirect physical methods, and bio- 
logical infectivities. 

Comparison of electron microscope and molecular 
kinetic data. From Table 1 it is evident that reason- 
able agreement exists on the apparent diameters of 
the various phages, provided allowance is made for 
the fact that several of the particles are not spherical 
and that some assumptions have been made with re- 
gard to the hydration and density of the phages. It 
should be emphasized that the dimensions obtained 
from electron micrographs represent the vacuum-dried 
particles and are not necessarily identical with those 
of the virus particles in aqueous solution. Even for 
the most favorable case, that of spherical particles, 
only qualitative agreement may be expected between 
the caleulated sizes and those obtained directly from 
electron micrographs, for the latter values depend 
upon the type of contrast employed. For example, 
the spherical phage T; is of uniform size and has a 
diameter of 45 mu (1) or 51 my (10) in unshadowed 
micrographs but of 73 mu if metal shadowing is em- 
ployed (10). The tailed phage, T,, has an apparent 
equivalent spherical diameter of 98 mp, as calculated 
from the unit infectivity, of 94 mu, according to dif- 
fusion measurements, and of about 60 mu from the 
sedimentation constant. From electron micrographs 
the head of this phage is 60 mu x 80 mu or 80 mu x 100 
mit, according to the type of contrast employed. It 
should be noted that the equivalent spherical diameter 
ealeulated from $2, or D,, is the diameter of a sphere 
of the same mass and volume as the actual nonspher- 
ical particle, and therefore does not correspond to the 
over-all dimensions of the particle. 

Recent molecular kinetie studies have shown that 
caution must be exercised in the interpretation of the 
data given in Table 1. Two phenomena require ex- 
planation: 1) the diffusion constant of several of the 
bacteriophages is reputed to vary with concentration 
in such a manner that dissociation or motility of the 
phages must be predicated; and 2) the tailed phages, 
T, and T,, appear to exist reversibly in two states 
with different sedimentation rates in the ultracentri- 
fuge. However, only a single characteristic type par- 
ticle of uniform dimensions is seen for each phage in 
electron micrographs without any evidence of dissocia- 
tion or specific aggregation. 
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Diffusion constants. Investigation of the rate of 
diffusion of bacteriophages using biological assay has 
led to much confusion. Bronfenbrenner and associ- 
ates (9), using the porous disk method, first reported 
that the particles of T, (then called PC) bacterio- 
phage varied in size over the range of about 1 mu to 
10 my radius and that particles with molecular weights 
below 100,000 had all the properties of the original 
active agent. However, recently, on reinvestigation of 
the diffusion behavior of this phage, Hershey, Kimura, 
and Bronfenbrenner (7) withdrew this claim and con- 
cluded that the earlier experiments were in error be- 
cause of circulation of fluid through the pores of the 
disk and other anomalies. Using the same method in 
the study of the diffusion of a staphylococcus phage, 
Northrop (15) also found that D appeared to vary 
with the concentration of phage and concluded that 
the virus existed in solution as particles of varying 
size over the range of 10 mu to 100 mu. More re- 
cently, Polson measured the diffusion constants of 
T, and T, phage, using a multichambered analytical 
method with biological assay. Ina preliminary article 
(16) he reported fair agreement between the particle 
sizes computed for diffusion of a spherical particle 
and the diameters of the actual particles as revealed 
by electron micrographs (see Table 1) and concluded 
that the tail of T, bacteriophage does not contribute 
to its motion. However, in later work at lower phage 
concentrations Polson and Shepard (17) claimed that 
the diffusion constants of these coliphages depended 
strongly on concentration. Since no evidence for 
heterogeneity of size was found from the diffusion 
experiments, the unexpectedly high diffusion constants 
at low concentrations could not be attributed to dis- 
sociation of the particles as in Northrop’s experiments. 
Alternatively, it was suggested that the phage par- 
ticles “possess an independent specific motility in ad- 
dition to normal diffusion.” It is noteworthy first that 
the latter conclusion was adduced principally from 
data for the tailless phage T,, and secondly that the 
variation in D in all experiments cited here was en- 
countered only at low virus concentrations. 

In our laboratory Mr. E. Goldwasser has recently 
made several determinations of the diffusion constant 
of T, bacteriophage by the refractive index method of 
Longsworth (13). The phage was purified by differ- 
ential centrifugation as previously described (18, 19) 
and was apparently homogeneous in electrophoresis 
and ultracentrifugation. Although the optical method 
necessitates the use of high concentrations of virus 
(above 10'? particles per ml), the precision and ac- 
curacy of the method should be superior to methods 
based on biological assay of the rate of diffusion in 
dilute solutions. The rate of diffusion of T, bac- 
teriophage at a titer of 3.2 x 10'? particles per ml was 
measured at 2° C in 0.2 ionie strength sodium acetate 


buffer, pH 5.5, for a period of from 5 to 7 days. In 
this buffer the phage sediments in the ultracentrifuge 
with a single sharp boundary similar to that shown in 
Fig. 1, with S,,=about 1050. The average diffusion 
constant in several experiments was 0.45 + 0.06 x 1077 
em? sec-1, The details will be published separately. 
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Fic. 2. Normal diffusion of Ts bacteriophage in 0.2 M 


acetate buffer pH 5.5. The time, t, is expressed in sec on 
the lower abscissa, and the corresponding time in days is 
given on the upper abscissa. The two sets of points are for 
the same experiment and represent the separate values ob- 
tained in each limb of the diffusion cell. Hm is given in em. 


It has not vet been possible to obtain sufficient pure 
phage with S,,=800 to make diffusion measurements 
on the more slowly sedimenting form. However, the 
low value of the diffusion constant found for the 
S., = 1050 component and the good agreement between 
the apparent diameter from diffusion and the electron 
microscope dimensions appear to exclude motility by 
this tailed bacteriophage. This conelusion is perhaps 
to be anticipated, since no respiration or other inde- 
pendent metabolic activity has yet been detected in 
bacteriophages. 

Ideal diffusion. In the ease of ideal diffusion when 
a sharp boundary is formed between a solution and a 
solvent, the maximum height of the refractive index 
gradient (H,,) is inversely proportional to the square 
root of the time (t), since D = A*/4atH,,?, where A is 
the area under the gradient curve and is proportional 
to the solute concentration and to apparatus constants 
(13). Henee, as a test for normal diffusion a linear 
relationship should obtain between H,, and 1// t. 
On extrapolation to infinite time, H,, should be zero, 
since the concentration of solute must be uniform 
throughout the cell. This relationship has been found 
to hold in all our experiments (see Fig. 2), indicating 
that this tailed bacteriophage obeys the laws of nor- 
mal diffusion. 

Of all molecular kinetic methods, measurement of 
the diffusion constant has proved to be the least re- 
liable for ascertaining the shape or size of virus par- 
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ticles. The sources of error of the nonoptical meth- 
ods have been summarized elsewhere (5, 7). They 
derive chiefly from the instability of boundaries 
formed between solvents and extremely dilute phage 
solutions, and in the inherent errors of the biological 
assay. The errors in technique, such as convection 
disturbances, are generally in the direction of too 
rapid diffusion and would be most frequently experi- 
enced with decreasing virus concentrations. In some 
instances the errors in assay are magnified because D 
is related to the ratio of the square of the phage 
concentration of the diffusate and the original solu- 
tion (16). 


SEDIMENTATION CONSTANT 


9 


VIRUS CONCENTRATION - mg mi. 


Fic. 3. Effect of virus concentration on the sedimenta- 
tion constant of the EF. coli bacteriophages. Data for Tz and 
T: phages taken from (10) and (20). 


Sedimentation velocity analysis. The bacteriophages 
are most readily purified by differential centrifugation 
in a high speed centrifuge under conditions which 
cause the selection of particles of about 50 mu diam- 
eter or greater. Up to 99 percent of the larger tailed 
phages such as T, or T, are sedimented by centrifug- 
ing at 20,000 G for one hour, but smaller amounts 
of T,. To date only four phages have been studied in 
the analytical ultracentrifuge. Of these, three (T, 
[8], T, [10], and the staphylococeus phage of North- 
rop [23]) were investigated using the ultraviolet light 
absorption method, and only one, (T,), has been ex- 
amined by a schlieren optical method which permits 
quantitative estimation of the homogeneity of the 
virus (19). 

All phages investigated in the analytical ultracentri- 
fuge have been obtained in a ccadition yielding a sin- 
gle sharp sedimenting boundary indicating a high de- 
gree of molecular homogeneity. However, two anoma- 
lies have been encountered: (1) Within the pH sta- 
bility range both of the tailed phages, T, and T,, ex- 
hibit two different rates of sedimentation, representing 
a “slow” and a “fast” form. (2) At high dilutions 
8.9 for T, and T, falls unaccountably. This behavior 
is illustrated in Fig. 3. In the figure the two sedimen- 
tation rates of T, are indicated but only that for the 


“fast” form of T,, for data on the concentration de- 
pendence of the slow component of T, (S.,,=about 
800) have not yet been accumulated. 

The sudden drop in S,, reported by Sharp et al. 
(10, 20) for T, and T; phages oceurs at concentrations 
ordinarily below the limits of resolution of the ultra- 
centrifuge. The observation was made possible only 
by the extraordinarily high ultraviolet light absorption 
of these phages, and ultracentrifuge studies at similar 
concentrations cannot be made for most other viruses 
or protein molecules. No explanation of this unique 
phenomena has been offered, but it is of significance, 
since S,, is ordinarily determined by extrapolation to 
infinite dilution. 

Dual sedimentation behavior of T, and T, bacterio- 
phages. The oceurrence of two different rates of sedi- 
mentation for the same substance is rare, but has been 
observed previously in several instanees. For the 
hemocyanins, the phenomenon has been attributed to 
dissociation equilibria with lengthwise splitting of the 
molecules to form halves or eighths (21) ; with tobacco 
mosaic virus the more rapidly sedimenting component 
has been shown to result from end-to-end aggregation 
of two rodlike unit particles (12). With T, phage a 
single boundary with S,,= about 1000 is always found . 
below pH 5.8, and a single boundary with S,, = about 
700 is obtained above pH 5.8. An immediate transi- 
tion from the slow form to the fast ean be effected by 
pH adjustment or by the addition of CaCl,. A sim- 
ilar effect of pH is observed with T, phage, except 
that both forms (S,,=1050 and S., = about 800) have 
frequently been found together over a wide range of 
pH. With T, the proportion of slow component in- 
creases with the age of the preparation as well as with 
pH. Though a single component with S,, = 1050 may 
invariably be obtained by adjustment of T, solutions 
to pH 4.9, the slowly sedimenting component with 
S.,. = about 800 is rarely observed singly. 

Abnormal sedimentation in the ultracentrifuge may 
result from: (1) temperature-indueed convection, (2) 
retardation, (3) flotation, and (4) particle orientation, 
interaction, or aggregation. In our experiments the 
first three types of disturbances may be eliminated for 
the following reasons: (1) the rise in rotor tempera- 
ture is negligible because of the slow speed and short 
duration of the run, (2) retardation due to the pres- 
ence of viscous impurities is apparently absent, since 
ultracentrifuge study of T, phage over the entire prac- 
tical velocity range (3,150 to 59,780 rpm) has demon- 
strated the absence of impurities in fresh preparations, 
and (3) the flotation anomaly (sedimentation towards 
the axis instead of the periphery), depends on the sol- 
vent density, whereas the double boundary phenome- 
non with bacteriophage is dependent on pH. For the 
fourth possibility, special tests to be described have 
been made to distinguish among orientation, interac- 
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tion, and aggregation or dissociation of the sediment- 
ing particles. 

Are bacteriophage particles oriented during sedi- 
mentation? With proteins of ordinary molecular 
weight the Brownian motion is so strong that the mole- 
cules are not oriented in the high centrifugal fields of 
the ultracentrifuge. Since T,; phage is one of the 
largest particles investigated in the ultracentrifuge 
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Fic. 4. Effect of centrifugal force on the sedimentation 
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indicates lack of orientation of the phage particles during 
sedimentation in the ultracentrifuge. 


and has a tadpole shape with a dense head, it may be 
asked whether the phage is oriented during sedimenta- 
tion. Orientation is easy to detect since it must be 
proportional to the centrifugal force. In a test for 
orientation the homogeneity and sedimentation con- 
stant of T, phage were studied in 0.15 ionic strength 
sodium chloride-sodium acetate buffer, pH 4.95 over 
the entire practical range (157 to 18,900 G). The re- 
sults, plotted in Fig. 4, show that S,, is independent 
of the centrifugal force, indicating the absence of ori- 
entation. Under these conditions the phage sedi- 
mented in all cases with a single sharp boundary. 

The interaction of particles may evoke ultracentrifu- 
gation anomalies due to the mutual interference of 
sedimenting particles and thus should be dependent 
on the concentration of solute. In the concentration 
range usually suitable for ultracentrifuge study (above 
0.125 mg protein per ml) the sedimentation constants 
of the coliphages are only slightly dependent on con- 
centration. Since the slopes are low and are rather 
similar for the spherical phage T; and the slow and 
fast components of the tailed phages, the dual sedi- 
mentation behavior of the latter cannot be attributed 
to particle interaction or interference. 

One explanation of the dual sedimentation phe- 
nomenon that has been offered by Sharp et al. (20) 
is that the form of T. phage with S,,=about 1000 


represents the virus dispersed as unit particles and 
that S,,=about 700 indicates a state of heterogeneous 
aggregation. This hypothesis was based on study of 
the sedimentation of lucite models which were oriented 
during fall under the influence of the earth’s gravita- 
tional field. However, our results demonstrate that 
the bacteriophage particles rotate randomly during 
sedimentation in the ultracentrifuge. If the diffusion 
constant of the S,,=800 form of T, phage were 
known, it would be possible to calculate the frictional 
ratio and the particle weight. Even in the absence 
of this constant some deductions can be made from the 
following relationship (21) 
(f/fo) 

in which K is a constant, and f/f, is the frictional 
ratio, the latter quantity being an indirect measure of 
both molecular shape and hydration. Calculations 
based on this equation will be presented elsewhere (6). 
The results indicate that a change in mass must aec- 
company the transition from S,,=1050 to S.,=800. 
By neglecting hydration of the virus particles and as- 
suming that they can be represented by elongated 
ellipsoids, one can caleulate the expected S,,, assum- 
ing that either the slow or the fast form is the dimer 
and that the alignment is either parallel or end-to-end. 
On this basis all possibilities have been excluded but 
one. If it is assumed that the fast form (S., = 1050) 
is the dimer, and that end-to-end aggregation takes 
place, splitting at the mid-axis would give rise to a 
slow monomeric form with a sedimentation constant of 
790. Although the latter value is in good agreement 
with S,, observed for the slow form, it is possible that 
dimerization occurs without preferential alignment, 
for hydration was neglected in this ealeulation. In 
electron micrographs particle association is observed 
but not with specific alignment. However, this may 
be due to the manner of preparation of the specimens. 
It is noteworthy that the dual sedimentation phe- 
nomenon is characteristic only of the tailed phages. 
The round phage T; gives only a single sedimenting 
boundary throughout the stability range (10). 

Electrophoretic properties of bacteriophage T,. 
Electrophoretic analyses of bacterial viruses have been 
reported only for E. coli bacteriophage T, (11, 19). 
Over the entire pH stability range the phage migrates 
toward the anode, the mobility decreasing from about 
-7.3 x 10-5 em* volt“! see? at pH 8.6 to about — 3.6 
x 10-° em? volt-! see! at pH 5.1. Since the electro- 
phoresis could be carried out only above the acid 
region of precipitation and within the pH stability 
zone, the isoelectric point of the phage could not be 
determined by this method. It seems probable that 
the isoelectric point is below pH 4.6, where precipita- 
tion first takes place. Referring to unpublished re- 
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ports, Sharp et al. (20) mention that the electro- 
phoretie behavior of T, phage indicates an isoelectric 
point at about pH 4.2 corresponding to the inception 
of acid precipitation of this virus. It should be noted 
that the isoelectric point could be determined by the 
microelectrophoretic method. The relatively low mo- 
bility of T, bacteriophage is surprising in view of its 
extraordinarily high content of desoxyribonucleic acid 
(DNA) (approaching 40 percent [11]). 

The pH mobility curves for T, phage from broth 
and from synthetic medium lysates are nearly iden- 
tical, although differences in the size and chemical 
composition have been reported for the corresponding 
phage T, when harvested from nutrient and synthetic 
media (8, 22). A rapidly migrating impurity found 
in some preparations of bacteriophage T, has been 
isolated by electrophoretic separation and identified 
as desoxyribonucleic acid (11). DNA is one degrada- 
tion product of the phage, and some DNA may per- 
haps be adsorbed to the phage. Its presence is best 
established by electrophoretic analysis and may go 
undetected in ultracentrifugation. The presence of 
free or adsorbed DNA may profoundly influence the 
properties of the bacteriophages, for example, causing 
a retardation effect in sedimentation because of the 
high intrinsic viscosity of the more slowly sedimenting 
nucleic acid. However, by careful purification, prep- 
arations of bacteriophage T, have been obtained which 
are apparently free of nonconstituent DNA or other 
impurities, according to electrophoretic analysis. 

E. coli bacteriophage T, is apparently the largest 
particle yet successfully studied in the Tiselius electro- 
phoresis apparatus without the addition of stabilizing 
proteins. The influence of particle shape on electrical 
mobility is usually negligible with proteins, but the 
possibility of preferred orientation due to particle 
morphology or polarity must be considered with the 
coliphages. It would be worth while to test for a dis- 
turbing effect of orientation on electrophoretic mo- 
bility by variation of the field strength in analogy to 
the test for orientation in sedimentation by changing 
the gravitational field. Although single boundaries 
were obtained on electrophoresis of T, bacteriophage 
throughout the stability range, the boundaries were 
markedly diffuse in some instances. Since the dif- 
fusion experiments already cited have excluded the 
possibility of phage motility, the boundary blurring 
is indicative of electrical heterogeneity. The bound- 
ary sharpness, however, was not restored by reversal 
of the current, as would be expected in the event of 
electrical heterogeneity. This behavior might be due 
to the influence of particle morphology or polarity on 
the electrical behavior of the bacteriophages. The 
problem could be investigated by a comparative elec- 
trophoretic study of the round and the tailed phages. 


Homogeneity of the bacteriophages. It is eustom- 
ary to speak of a substance which sediments in the 
ultracentrifuge with a single boundary as an “ap- 
parently molecularly homogeneous” substance and of 
one which migrates in electrophoresis with a single 
boundary as an “apparently electrically homogeneous” 
material. With large particles, such as the bacterio- 
phages for which diffusion can be negleeted under the 
conditions of study, the purity ean be judged both 
qualitatively and quantitatively by the sharpness or 
degree of spreading of the boundary. Thus, inspec- 
tion of the sedimentation diagrams obtained by the 
altraviolet light absorption method suggests that T, 
bacteriophage has been obtained in a rather high de- 
gree of purity and T; phage and the staphylococeus 
phage in a somewhat less homogeneous state. The re- 
fractive index diagrams are amenable to exact analy- 
sis, but simple inspection reveals that the boundary 
spreading is as great in one hour in the ultracentrifuge 
as in about a week in free diffusion. Sinee the spread- 
ing is not due to phage motility, it may be attributed 
to separation of a population of particles varying 
progressively in size or shape. The phenomenon of 
boundary spreading may also result from slight ther- 
mal convection at the low phage concentrations in- 
vestigated, or possibly from vibration of the ultra- 
centrifuge rotor. The latter, however, is apparently 
ruled out by studies we have made, over a range of 
centrifugal fields, indicating that the sharpness of a 
boundary is directly proportional to the distance of 
separation from the meniscus, not to the time or ve- 
locity of centrifugation. Electron micrographs sug- 
gest that the coliphages consist of particles of uni- 
form size and shape, but size distribution analyses 
have not yet been published. Moreover, the many 
damaged and tailless particles seen in the electron 
microscope pictures may account for some of the ap- 
parent heterogeneity observed in ultracentrifugation. 

Summary of physicochemical studies. In sum- 
mary of the physical evidence for the size and shape 
of the bacteriophages, it may be said that all indirect 
methods, with the exception of certain types of dif- 
fusion measurements, indicate that baeteriophage ac- 
tivity is identified with and indissociable from the 
large characteristic particles observed in the electron 
microseope. Anderson (1) has previously reviewed 
other arguments relating to this question—for ex- 
ample, the invariable occurrence of the particles in ae- 
tive phage suspensions and their absence in controls, 
the adsorption of the characteristie particles by host 
bacteria and their apparent liberation upon lysis, and 
the relation betwen morphology and strain of phage. 
In addition, it has been shown that a single phage 
particle may produce a plaque and approximate quan- 
titative agreement (74) has been found between the 
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plaque count titer and the number of particles visible 
in the electron microscope pictures. The plaque count 
assays are done at extreme dilution (about 10° phage 
per ml), the electron microscope measurements at 
moderate concentrations of about 10'° phage per ml, 
and the sedimentation studies at high concentrations 
(about 10'? phage per ml). Yet all these methods give 
particle sizes in approximate agreement and similar 
to those found from diffusion measurements at phage 
concentrations of about 10'° or higher. It has already 
been pointed out (21) that if dilution gives rise to dis- 
sociation, as proposed by Northrop (15), the plaque 
count assays done at extreme dilution should corre- 
spond to the number of small virus particles. Yet 
plaque counts and electron microscope counts are in 
good agreement and particle size calculations from 
infectivity measurements give values similar to those 
found by both direct and indirect physical methods. 

Biological implications. The molecular kinetic 
properties discussed refer to the purified virus in the 
relatively inert state of extracellular existence for 
which no respiration or enzymatic activity has yet been 
detected. However, in adsorption and intracellular 
reproduction—other stages of the life eycle—the bac- 
teriophages manifest specific biological activity. The 
rate of adsorption is greatly influenced by the physi- 
ological state of the bacteria and by the presence of 
electrolytes (4). With some coliphages there is a 
requirement for adsorption cofactors such as L-tryp- 
tophane (2). It can be shown that the low rate of 
diffusion of bacteriophages, as indicated by the con- 
stants given in Table 1, is not necessarily a rate-limit- 
ing factor for adsorption of the virus. If we assume 
that diffusion alone determines the number of col- 
lisions between the virus and the host cell, and that 
each hit leads to adsorption, 

kmar = 4%Da, 

where k,,,; is the upper limit of the adsorption rate 


constant and a is the effective radius of the bacterium 
(4). Diffusion constants calculated from this rela- 
tionship and the measured adsorption constants are 
either lower than the values given in Table 1, for 
staphylococcus phage and the coliphages, or are com- 
patible with these values. The latter result is the 
more surprising in view of the receptor theory of bac- 
teriophage adsorption, which should introduce an ad- 
sorption-rate steric factor dependent on the number 
and distribution of receptor spots. That is, the num- 
ber of fruitful collisions would be much less than the 
actual number of hits unless the bacterial surface con- 
sists of a mosaic of receptor spots (2). 

It should be observed that the intracellular concen- 
tration of bacteriophage just prior to lysis of an in- 
fected cell is greater even than the concentration 
of purified solutions submitted to molecular kinetie 
studies. The volume of a single E. coli cell is about 
2 u® (assuming an average length of 2.5 pw, and a 
uniform diameter of 1 u). If the burst size is 200 
phage per bacterium, the concentration within the cell 
is of the order of 10'* phage per ml. Solutions of 
phage in vitro settle out spontaneously at concentra- 
tions above about 4x10"? per ml. Ultracentrifuge 
analysis of a suspension of T, containing 10'* phage 
per ml indicates that most of the virus is in an aggre- 
gated form having a wide range of sedimentation con- 
stants above 1000. Prior to lysis the phage may oc- 
cupy from 1 to 10 percent of the total volume of the 
host cell. After lysis the particles penetrate the 
matrix of the burst bacterium, presumably by diffu- 
sion, and then undergo a dilution of some 3 to 10 
orders of magnitude on liberation into the medium. 


3 Delbriick (4) concluded that the low value of D obtained 
by Northrop (15) for staphylococcus phage was incompatible 
with the measured maximum adsorption rate constant. How- 
ever, there is an arithmetical error in his conversion of 
Northrop’s D in units of cm? day? to cm? min-. 
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In order to apply mathematical methods to the deserip- 
tion of a natural process, it is necessary to invent a model 
of some sort that operates as the natural process in ques- 
tion is presumed to operate, and that can be handled 
mathematically. Frequently the model is oversimplified, 
either because the process is not well understood or be- 
cause it is very complicated. 

In preliminary studies, oversimplification often leads to 
greater clarity of the basic assumptions in the analysis, 
and to a more direct check of their validity. If a simple 
model stands up semiquantitatively under the test of ex- 
periment, it may be modified and improved from time to 
time as desired and as the experimental evidence war- 
rants. If, on the other hand, it is in qualitative dis- 
agreement with experiment, it can be abandoned right 
away without excess wasted efiort. 

The growth of a cell colony is a natural process that is 
neither simple nor well understood. At present, there- 
fore, no more than the most modest of models ean be 
proposed to represent it. Such a model is suggested in 
the following paragraphs. Many factors that influence 
cell colony growth are assumed to be of secondary im- 
portance, and they have been ignored in the interest of 
simplicity. Nevertheless, the oversimplified model oper- 
ates in semiquantitative agreement with experiment, and 
it is hoped that it may further our understanding of cell 
colony growth. 

Sanford, Earle, and Likely (6) have drawn attention 
to the problem of growing single isolated tissue cells in 
vitro. Their work and that of others suggests that the 
relationships between the size of a tissue explant and its 
subsequent growth characteristics are similar to those ob- 
served for growth in many physical systems. 

For example, corresponding to a given geometry, cell 
type, and culture medium, there is a critical size for cell 
colonies such that larger colonies live and grow while 
smaller colonies die out (4-6). These observations are 
consistent with the idea that cells produce one or more 
water-soluble substances, f, that they require for growth 
and reproduction. Whenever the f concentration drops 
below a minimum value C* and remains below C* until a 
cell consumes its stored precursors of f, the cell dies. 

Consider a single cell transplanted to a large volume of 
culture medium that contains no f. The f that the cell 
produces diffuses away into the surrounding solution, and 
the cell dies before the local concentration rises above C*. 
However, a sufficiently large and compact group of cells 
introduced into a large volume of medium will continue 
to grow, for loss of f can occur only at the boundary of 


the group. By increasing the size of a colony of constant 
density, the boundary area ean be made as small as de- 
sired relative to the volume oceupied by the group, and 
the loss of f per cell thereby can be decreased indefi- 
nitely. As long as the density of the cells in the colony 
is sufficiently great that each cell ean raise the concen- 
tration of f above C* in its share of the volume, a erit- 
ical size group will exist such that members of larger 
groups will grow and reproduce, while members of 
smaller groups will die.1 

Similarly, there is a critical size for the fire in a coal- 
fired furnace, and the phenomenon of combustion in such 
a furnace provides a physical analogy to the growth of 
cell colonies. A colony of one or two burning coals in a 
furnace of unburned coal fails to reproduce, and dies 
(i.e., goes out), while a very large colony (several shovel- 
fuls of burning coals) grows and fills the furnace. In 
this analogy, a lump of burning coal represents a living 
cell, unignited coal represents culture medium, and diffu- 
sion of heat represents diffusion of the substance f that 
is necessary for cell growth and multiplication. Unless 
the concentration of heat (i.e., the temperature) is high 
enough, combustion ceases. If the f concentration is too 
low, cell growth ceases. 

Phenomena of change or transformation in physical 
systems are very frequently described by the concepts of 
nucleation and growth (2, 7). Whenever a region with 
properties distinct from those of the parent material 
tends to grow if it exceeds a certain critical size and to 
disappear if it is smaller than eritical size, large growing 
regions that appear spontaneously and persist are said 
to have formed by a process of nucleation, and to en- 
large subsequently by a process of growth. 

In this terminology, the spontaneous appearance of 
eancer may be a phenomenon of nucleation and growth. 
Suppose that cancer cells appear from time to time here 
and there in a tissue, by random mutation or other means. 
There are then two alternatives regarding their growth. 
A single cancer cell isolated in normal tissue either can 
lead to cancer, in which case the nucleation idea col- 
lapses into the trivial situation where a single individual 
is a eritical-size colony, or for some reason it cannot 
lead to eancer. The suggestion is made that single ean- 
eer cells isolated in normal tissue find themselves in a 
somewhat foreign environment, as do the cells of tissue 
explants in eulture media, and that such cells are sub- 
critical for malignant growth. Only when a sufficiently 
large and closely bunched group of eancer cells is formed 
is a supercritical colony produced and cancer nucleated. 
The cancer then can grow. 

It is not necessary for the success of the nucleation 
viewpoint that an isolated cancer cell die, as does an 

1It should be pointed out that the converse of this hy- 
pothesis at present is equally tenable (6). A substance f, 
toxic to cells, may be present in the culture medium. Then 


only large groups of cells can destroy enough f to bring the 
concentration to a tolerable level. 
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isolated cell in a large bath of culture medium. On the 
contrary, evidence to be described in a later paper sug- 
gests that isolated cancer cells may continue to survive, 
leading relatively normal lives as dictated by the un- 
changed chemistry of their normal neighbors, until a su- 
pereritical colony is formed wherein the altered chemistry 
of cancer cells no longer is diluted to ineffectiveness. 

The idea that there is a critical-size cell colony for the 
nucleation of cancer is not foreign to current thought. 
Karnofsky ($) has suggested that there is a critical size 
for the growth of metastases, and it is known that small 
tumor transplants are less likely to survive than larger 
ones. It now is proposed that a critical-size colony also 
is required for the spontaneous appearance of cancer in a 
previously cancer-free individual, and a tentative model 
for the process, based upon the nucleation concept, is 
suggested. 

The experiments of Sanford, Earle, and Likely (6), 
dealing with the growth of subcritical and supercritical 
cell colonies and with the influence of container geometry 
upon the growth characteristics, can be analyzed quanti- 
tatively by making use of the nucleation concept. The 
following assumptions are made: 

(1) All cells in a colony are identical. 

(2) A cell produces substance f at constant rate. 

(3) If, after a day or two, the concentration of f at a 

cell remains below a critical value C*, the cell dies. 
: Let the diffusion coefficient for diffusion of f in water 
a be D. The steady state concentration of f due to a spher- 
oo ical source of strength Q in an infinite bath initially of 
zero f concentration is (1) 


C=Q/4aDr (1) 


where C is the concentration of f in units/em*, Q is the 
rate of production of f at the source in units/sec, D is 
the diffusion coefficient in em*/sec, and r is the distance 
in em from the center of the source. The expression is 
valid for r= vr, where r, is the radius of the source. 

Now consider a capillary of length L, radius 7, having 
a source of strength Q at its center, the capillary being 
immersed in an infinite bath. The f concentration at the 
ends of the capillary is approximately zero. The rate of 
transfer of f along the axis of the capillary is 


P=-D dC/dxz (2) 
units/em2 sec. At steady state, the concentration: gra- 


dient is linear from the center of the capillary to each 
end, 


PS Q/ 
and 
dC/dzx =-C,/(L/2) 
where C, is the concentration at the center of the capil- 
lary. Hence 
Co = QL/4xDr.2. (3) 
Let n.* be the number of cells in a colony of critical 
size at the center of a capillary. Then 
C*=n,* gL (4) 


where q is the rate of production of f per cell. For a 


eritical-size colony in an infinite bath, equation 1 requires 

C*=n,* q/4xDr, (5) 
where n,* is the critical number of cells and r, is the 
radius of the colony. The critical size is defined to be 
that for which the outermost cells are just at the border- 
line of survival.” 

Combining equations 4 and 5, the relationship between 
the critical number of cells for a colony in a large bath 
and for a colony in a capillary is 

(7,L/r,*). (6) 

According to Sanford, Earle, and Likely (6), the value 
of n,* lies between 1 and 4 for strain ‘‘L(6)”’’ cells 
grown in ‘‘normal’’ culture medium. They give capil- 
lary dimensions as 

r,=0.01 em 
L=0.45 em. 


Taking the geometrical mean 
~ V1-4=2 
the caleulated value of n,* is 
n,* =90 (7) 


Taking the radius of the volume of culture medium per 
cell in the interior of a cell colony to be 


Te ~ 0.8r,= 0.008 em 


as determined from healthy cell colonies growing in eapil- 
laries (Fig. 7 of reference 6), the number of cells in a 
colony of radius 7, is 

n,* = (8) 
Combining equations 7 and 8, 


(13/1)? =90 = 72 
and 
n,* =610 cells. (9) 


According to these calculations, therefore, cell colonies 
containing less than about 600 individuals (as closely 
packed as those in a colony growing in a capillary) will 
fail to grow and will die when placed in large flasks of 
‘‘normal’’ culture medium. Only colonies containing 
more than 600 cells will grow and persist. Although the 
value 7,* ~ 600 cells is valid only for the particular 
culture medium, temperature, cell strain, and colony den- 
sity under consideration, the relative values of n,* and 
No*, as given by equation 6, depend only upon colony 
density. 

The critical size of ‘‘L(6)’’ explants grown in large 
volumes of medium has not been determined experimen- 
tally. However, analysis of Figs. 11 and 12 of reference 
6 shows that groups of about 300 cells of the assumed 
closeness of packing are subcritical, whereas it is stated 
that larger groups of cells are supercritical. The pub- 
lished data indicate only that a critical number of cells 
does exist, and that this number exceeds 300. 


2 Colonies slightly smaller than the critical size so defined 
may persist if the mitotic rate of healthy cells is sufficiently 
great to replace dying cells at the periphery of the colony. 
Assuming that the mitotic rate is small, the effect is not 
important. 


= 

a 
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The purpose of this analysis has been twofold: first, 
to suggest that the concepts of nucleation and growth, 
developed for physical systems, apply to the growth of 
cell colonies, and second, to show that elementary diffu- 
sion equations can be employed to calculate the influence 
of container geometry upon the critical size of tissue ex- 
plants. It is further suggested that the spontaneous ap- 
pearance of cancer may be a process of nucleation in 
that single cancer cells in normal tissue may be suberit- 
ical with respect to malignant growth. 
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The Action Potentials Obtained 
from Venus’s-Flytrap 


Otto Stuhlman, Jr. and Edgar B. Darden 


Department of Physics, University of North Carolina, 
Chapel Hill 


Venus’s-flytrap, Dionaea muscipula, is included in a 
small group of plants designated by botanists as car- 
nivorous because of its reputed ability to digest insects 
and small bits of living matter caught in the trap struc- 
ture from which the plant takes its popular name. It is 
found growing in the wild state only in the eastern part 
of the Carolinas of the United States. 

In 1769, William Young of Philadelphia brought a 
live specimen to England. Bourdon-Sanderson (2, 5) as 
early as 1873 discovered the electromotive properties of 
the leaf of Dionaea in the excited and unexcited states, 
using specimens from the laboratory of the Royal Gardens 
at Kew. Bose (1) criticized these earlier results and 
Bourden-Sanderson’s later results (3, 4), published in 
1882 and 1888, as being more or less contradictory. 

According to Bourdon-Sanderson one should expect, as 
a result of stimulating the inner surface of Dionaea in 
its prime, to observe a short-lived positive electrical in- 
crease, followed by a larger negative rise and fall in po- 
tential, i.e., a diphasie action potential. This indicated 
that the inner surface of the leaf trap first became posi- 
tive and then negative as the excitatory process passed 
under the nonpolarizable electrodes placed symmetrically 
on the two outer surfaces of the trap. When the inner 
surface was excited, mechanically or electrically, it was 
found that the electrical disturbance was greater in the 
neighborhood of the seat of excitation than at a distance 
from it. The electrical transient lasted about 1 see and 
its propagation speed, at 38°C, was about 20 em/sec. 
The mean maximum negative potential variations as the 
result of a strong stimulus was about 20 mv. 


The deflections were originally measured with a 5,244- 
ohm Thomson galvanometer, a 10,000-ohm resistance in 
series, and nonpolarizable electrodes placed across the 
leaf. The sensitivity of the instrument was 350 scale 
divisions for 0.001 Daniell, ie., 3x 10* v per division. 
Later measurements of the maximum magnitude of the 
fluctuations were made with a Lippmann eapillary elee- 
trometer. 

To get a better understanding of the nature of these 
electrical transients, it is important not only to know that 
they are local electrical negative potential changes, but 
also the precise shape of the after potentials, negative 
and positive, and their temporal variations under con- 
trolled conditions. In order to avoid the necessary cor- 
rections for the individual characteristies of the electrical 
deflecting instruments involved in following such rapid 
fluctuations in potential, one resorts in modern practice 
to the use of a cathode ray oscillograph. 


Fic. 1. 
Venus’s-flytrap, Dionaea muscipula. Electrodes taken off 
under side of trap. Bending of trigger hair used as stimulus. 
Negative potential up, time scale logarithmic, 60-cycle fre- 
quency ; stimulating artifact, negative spike potential, nega- 
tive after potential followed by positive after potential ; 
maximum 0.15 v above resting potential, 24° C. 


Oscillograph record of an action potential of 


In neural action potential measurements, the initial 
negative variation or spike lasts about 2 msee, reaching 
its erest in about 0.5 msee. In Dionaea it was found 
that the negative variation existed for several tenths of 
a second. Such a pulse can be highly distorted if am- 
plified by an ordinary resistance-coupled amplifier, such 
as ean be used to amplify the neural spike, unless the 
coupling circuits have been designed to possess unusually 
high time constants. 

With this in mind, the following instrumentation was 
devised. A Dumont 208B eathode ray oscillograph was 
used. The transients on the 5-in. fluorescent sereen were 
compressed to 2 in. and photographed with a Monitor 
camera equipped with a f/4.5 lens. Lowest frequency 
X-axis was 2 eyeles per see. Lowest frequency Y-axis 
was 4 eycles per see with a 5% distortion at 2 cycles per 
sec, square wave input. 

Since the Y-axis amplifier of the instrument is designed 
so that the final twe stages are directly coupled, and 


ey 
‘ex 
2 


492 


SCIENCE 


May 5, 1950, Vol. 111 


since the deflection factor for a signal amplified only by 
these two stages is 1.5 d-e volts per inch, a d-e amplifier 
having a gain of only 100 could be used as a pre-amplifier, 
to obtain a deflection factor of approximately 15 mv per 
inch. 

A differential d-e amplifier described by Schmitt (6) 
was adapted for this purpose. It was designed to am- 
plify small potential differences between two points, each 
of which has a high impedance with respect to ground. 
This is a condition often found in biological systems and 
is characteristic of the living system in the present in- 
vestigation, since the approximate resistance between the 
nonpolarizable electrodes on the plants and the grounded 
soil was several hundred thousand ohms. The input 
voltage as a function of output voltage of this amplifier 
is essentially linear for output, peak to peak up to 100 v, 
and the differential property is nearly perfect until the 
mean grid potential deviates by more than 200 mv from 
normal. The gain of the amplifier was about 160. 

In order to adapt it for use as a d-e amplifier for the 
direct-coupled stages of our oscillograph, a slight modifi- 
cation was introduced. Since the total voltage input to 
the first stage of the oscillograph was designed to be lim- 
ited to 11 v d-e, this requirement was satisfied at the ex- 
pense of some of the extra gain by inserting 2 megohm 
carbon potentiometer across the output of the pre-ampli- 
fier. The positive side of the reduced output was then 
connected to the oscillograph while the negative terminals 
were connected to a commor ground. The carbon poten- 
tiometer also served as the grid return circuit for the 
_ first d-e-coupled oscillograph stage. 

An example of the photographic recordings of the 
transient wave form resulting from a mechanical stimu- 
lation of the inner surface of the trap of Dionaea is 
shown in the figure. The connections between the metal- 
lic input cireuit and the surface of the leaf were bridged 
by nonpolarizable Ag-AgCl electrodes in 0.7% KCl 
solution, terminating in glass capillary tubes from which 
a 0.1-mm brush of asbestos fibers protruded. 

The stimulus to excite the electrical activity, but not 
sufficient to produce mechanical closure of the trap, was 
applied by suddenly bending one of the trigger hairs 
with a fine glass hook, until the hair made an angle of 
45° with the plane of the supporting irritable inner sur- 
face of the leaf. 

In accordance with the practice commonly used in rep- 
resenting neural action potentials. positive decreases in 
potential are graphed upward on the Y-axis, with the 
resting potential set at zero. The record shows the rise 
and fall of potential between the electrodes placed at 
two opposite but structurally similar points on the outer 
surface of the lobes of the trap. 

The start of the action potential is gradual—there is 
no evidence of a sudden or explosive change, although the 
initial acceleration is very great. Its rising phase is 
smooth, and its crest is reached in 0.1 sec. The falling 
phase is much slower, so that the peak is situated well 
toward the side of the rising phase. Overlapping and 
immediately following the spike, as in neuron compound 
action potentials, there occurs a negative after potential 


which shows marked independence of behavior. Next 
comes the positive after potential. It attains its maxi- 
mum value in about 0.07 see, and then decreases until 
restoration to its resting potential is completed in about 
1.5 see. As the action potentials are picked off at suc- 
cessively greater distances from the point of stimulation, 
the transients broaden and become lower. 

The action potentials run a course characteristic of 
mammalian nerve in normal physiological condition. De- 
partures from this normal form are governed by the 
position of the electrodes, health and age of the plant, 
temperature and intensity of stimulus. The action po- 
tential can run its course without producing closure of 
Venus’s-flytrap. 
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Contamination in Orthophosphates 
Irradiated in a Neutron Pile! 


Maurice Fried and Arnold J. MacKenzie 


Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Agricultural Research Administration, 
U. S. Department of Agriculture, 

Beltsville, Maryland 


In the course of an investigation with plants grown in 
sand fertilized with rock phosphate irradiated in a neutron 
pile, the specific activity of phosphorus in the plant mate- 
rial was as much as three times as great as the specific 
activity of phosphorus in the fertilizer. The specifie ac- 
tivities were determined by precipitation of the phos- 
phorus as magnesium ammonium phosphate according to 
the method of MacKenzie and Dean (3). For no ap- 
parent reason a selective absorption of P® seemed to be 
taking place. One possible explanation was the presence 
of some radioactive contaminant. An investigation was 
undertaken to determine the nature of the contaminant, 
if any, and the extent of its presence in different units of 
pile-irradiated phosphates. 

A sample of KH.P*O, obtained by neutron pile bom- 
bardment of KH.,PO, was dissolved in water and made to 
volume. Not enough potassium was present to affect the 
total radioactivity appreciably. An aliquot was removed, 
the phosphorus was precipitated in acid solution as the 
phosphomolybdate, and the filtrate was made to volume. 
The phosphomolybdate was then dissolved in 1V NH,OH 
and made to volume. A second aliquot, just twice the 
size of the first, was treated in a like manner. A third 

1Since this paper was prepared for publication, E. D. E. 
Thomas and D. J. D. Nicholas reported similar findings for 


NasHPO; placed in the neutron pile at Harwell, England. 
(Nature, Lond., 1949, 719, 163). 
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TABLE 1 
PERCENT OF THE TOTAL ACTIVITY IN THE FILTRATE FROM A 
PHOS?HOMOLYBDATE PRECIPITATION OF AN ALIQUOT 
OF AN IRRADIATED UNIT OF KH2PO: 


Portion Method Relative Activity Percent 
of amounts of 
of i 
countin ets/see 
examined sample activity 
Total Solid 1x 41.3 
Fittrate: Solid 1.81 4.4 
Liquid 4x 32.3 
Filtrate ..... Liquid 4x 1.42 4.2 
Liquid 8x 64.7 
Filtrate. ..... Liquid 8x 2.72 4.4 


and a fourth aliquot were made to the same volume for 
the total activity determination. The radioactivity of the 
solutions was determined by means of a solution counter. 
An additional aliquot was prepared for solid counting 
with an end window counter. Instead of making the 
final solutions to volume, the phosphorus was reprecipi- 
tated as magnesium ammonium phosphate. The results 
are presented in Table 1. An average of 4.3% of the 
activity was left in the filtrate when phosphorus was pre- 
cipitated as the phosphomolybdate. 


TABLE 2 
PERCENT RADIOACTIVE CONTAMINATION BY LOWER VALENCE 
FORMS OF PHOSPHORUS IN SHIPMENTS 
OF ORTHOPHOSPHATES 


Date of Percent 
Material 
shipment contamination 
Rock phosphate ..... 10/18/48 12.1 


A check was made to determine whether the activity 
in the filtrate was due to incomplete precipitation or the 
presence of a possible lower state of oxidation of phos- 
phorus. Samples of the stock solution were oxidized 
in one case by means of bromine water and in a second 
case by means of KMnO,. The phosphorus was then 
precipitated as the phosphomolybdate, and the radioac- 
tivity in the filtrate was measured. No detectable amount 
of activity was found in the filtrate. This suggested that 
some lower oxidation state of phosphorus was present in 
a radioactive form. A further check on the nature of the 
contaminant was made. From another aliquot of the 
KH,P*O, phosphorus was precipitated in alkaline solution 
as magnesium ammonium phosphate. Phosphites are not 
solubie under these conditions. Pyro and meta phos- 
phates are soluble, although small amounts may conceiv- 
ably be adsorbed. The fact that no activity was found 
in the filtrate suggests the contaminant is a phosphite. 
Hull (1) working with P® separated by cyclotron bom- 
bardment found H,,P*O, as a contaminant in an H;P*O, 
solution. These results were repeated using H,PO,; as 
earrier and the same percent of contamination was found. 

Three separate samples of KH.P“O, from Oak Ridge 
and one sample rock phosphate irradiated in a neutron 
pile have been examined for this contaminant, using 


H;PO, as earrier. The results are presented in Table 2. 

The reason for the difference in extent of contamination 
is not known. The half-life of the contaminant has been 
determined and found to equal the theoretical 14.3 days 
for P®. In all probability the contaminant is principally 
a salt of phosphorus acid. Wilson (4) has shown that 
phosphorus in this form will not exchange for orthophos- 
phate phosphorus. Libby (2) has shown that bombard- 
ment of P** with neutrons from a Ra-Be source surrounded 
by water results in a 50% conversion to P**. Phosphite 
salts are quite stable. The lower oxidation states of phos- 
phorus are relatively easily oxidized to the phosphite in 
the presence of air and moisture. 

The implications in the practical use of neutron-irradi- 
ated phosphates are twofold. First, any possible use of 
radiophosphorus, either in tracer work or therapeutically, 
should take into account the possible presence of this 
phosphite contaminant of probably high specifie activity. 
Second, a possible method for the preparation of earrier- 
free phosphorus suggests itself. It would be valid only 
if the lower oxidation state of phosphorus were caused by 
the ejection of the phosphorus atom due to some specific 
nuclear reaction. This would probably be the reaction 
with sufficient recoil energy for ejection. It would neces- 
sitate a slow rate of reoxidation of the P*. 
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Recovery of Growth Regulator from Plants 
Treated with 2,4-Dichlorophen- 
oxyacetic Acid 


Robert L. Weintraub, James W. Brown, 
and John N. Yeatman! 


Camp Detrick, Frederick, Maryland 


Although plant growth regulators are being extensively 
employed in a variety of practical applications, relatively 
little is known of the physiological mechanisms involved 
and virtually nothing as to the fate of such substances 
after absorption by the plant. Many of the develop- 
mental responses of plants following local application of 
exogenous growth-regulating chemicals serve to demon- 
strate that there is transport of a stimulus within the 
organism. In a few instances evidence has been obtained 
that the translocated substance is the applied compound 
itself, or some closely related derivative thereof, rather 
than an endogenous hormone the formation or movement 
of which has been influenced by the treatment (2, 3, 3). 
Experiments with a radioactively labeled growth regu- 
lator (2-iodo™-3-nitrobenzoic acid) have indicated that 
the radioactivity b concentrated in meristematic 

* The authors are indebted to Don C. Wood for performing 
the indoleacetic acid color tests and to Jean C. Nickerson. 


Katharine N. Taylor, and Edwin L. Wilson for assistance 
with the bioassays. 
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regions, and it has been stated that the intact molecule 
can be isolated from such tissue (2). 

The present note reports recovery of physiologically 
active material from sites to which it must have been 
transported internally following application of 2,4-di- 
chlorophenoxyacetic acid (2,4-D). 

As an illustration of the results obtained, a single ex- 
periment may be described. A 0.0025-ml drop of 95% 
ethanol containing 5 pg of 2,4-D and 25 wg of Tween-20 
was placed near the base of each of the two primary 
leaves of 141 eight-day-old greenhouse-cultured seedlings 
of Phaseolus vulgaris var. Black Valentine. This dose is 
sufficient to stop growth of the terminal bud but would 
permit subsequent vigorous development of axillary 
shoots. The plants were left in the greenhouse 24 hr, 
and then the primary leaves were severed at the base 
of the petioles and the remainder of the aboveground 
portion of the shoots was dried overnight in a forced 
draft oven at 56° C. The tissue was ground in a Wiiey 
micromill to pass 40 mesh, and duplicate 2-g aliquots were 
refluxed for three successive 6-hr periods in fresh 50-ml 
portions of 80% ethanol. The six extracts were pre- 
pared individually for assay by evaporating off the alco- 
hol, acidifying the aqueous residue with tartarie acid, 
extracting with several portions of diethyl ether, adding 
absolute ethanol to the combined ether extracts, and 
evaporating off the ether. The ethanol solutions were 
brought to the desired volumes by adding sufficient eth- 
anol, water, and Tween-20 to give final concentrations of 
95% ethanol and 1% Tween-20. Activity was measured 
by the leaf repression bioassay of Brown and Weintraub 
(1) and expressed in terms of an amount of 2,4-D which 
would produce an equal response. The recoverable frac- 
tion of the applied activity depends presumably upon a 
variety of factors, including the size of the applied dose, 
the interval between treatment and harvest, the environ- 
mental conditions during this period, and the extraction 
technique. 

The 2,4-D microgram equivalents found in the duplicate 
samples were: first extraction—108,122; second extrac- 
tion—6,8; third extraction—3,2; total of three extrae- 
tions—117,132. Similarly prepared extracts from un- 
treated plants exhibited no activity by the leaf-repres- 
sion test. The total amount of 2,4-D applied to the 
plants was 5x2x141=1410 pg. The dry weight of the 
deleaved shoots was 9.95 g. Hence an average of 124 
2,4-D microgram equivalents was obtained from stem 
tissue of plants which had received 2/9.95 x 1410 = 283 ug 
of 2,4-D; the recovery was thus 44% of that applied. 

As it seems unlikely that all the 2,4-D placed on the 
leaves actually entered and was exported from them, the 
recovered activity probably represents a major propor- 
tion of the translocated growth regulator. The experi- 
ments of Mitchell et al. (3), Wood et al. (5), and Rice 
(4), which are, however, in many respects not directly 
comparable with the fore-going, indicated maximum ex- 
ports from leaf to stem of roughly 50% to 70% of the 
applied dose. 

The leaf-repression response is not specific for 2,4-di- 
chlorophenoxyacetic acid but is produced by a wide va- 


riety of compounds exhibiting so-called formative activ- 
ity. Hence the results described do not constitute evidence 
that the active constituent in the extracts is identical 
with that applied to the plant. Other possibilities are 
that the extracted compound is (1) a derivative of 2,4-D 
or (2) an endogenous growth regulator of which the con- 
centration in the extracted tissue has been greatly in- 
creased by application of 2,4-D to other parts of the 
plant. 

With regard to the first possibility, solvent partition 
experiments indicate that the extracted growth regulator 
is an acid, or easily dissociable salt thereof, and not a 
neutral or basic compound. It can be extracted by ether 
completely from an aqueous solution of pH 3 but prac- 
tically not at all from one of pH 7.6. From ether solu- 
tion it is extracted completely by 1% aqueous sodium 
bicarbonate. Furthermore, the potency of the extracts 
cannot be due to such derivatives as 2-(2’,4’-dichloro- 
phenoxy)-ethanol, 2,4-dichloroanisole, 2,4-dichlorophene- 
tole, 2,4-dichlorophenol, 2-chlorophenoxyacetic acid, and 
phenoxyactie acid, as the activities of these compounds 
in the leaf-repression bioassay are less than 0.5% of that 
of 2,4-D. 4-Chlorophenoxyacetic acid exhibits activity of 
the same order of magnitude as that of 2,4-D and has 
not been eliminated as a possibility, although it seems 
unlikely that this compound would be produced from 
2,4-D in vivo. 

The following results indicate that the activity is not 
due to auxin a, auxin b, indole-3-acetic acid, or indole- 
3-acetaldehyde, the only naturally occurring growth regu- 
lators which have so far been identified. The extracted 
growth regulator shows no diminution of activity after 
standing in 13N sulfuric acid or after boiling in 1N 
NaOH. Avxin a is alkali-labile, indole-3-acetic acid is 
acid-labile, and auxin b is sensitive to both acid and 
alkali. The activity of indole-3-acetie acid in the leaf- 
repression bioassay is less than 1% of that of 2,4-D, so 
that the indole-3-acetic acid content of the shoots would 
have to be of the order of 10,000 ug/g to yield the assay 
results found. This quantity would be easily detectable 
with the Salkowski acid-ferric chloride reagent, which 
was found to produce an unambiguous color with as lit- 
tle as 2 wg of indole-3-acetic acid, but no color with 
highly active extracts from 2,4-D-treated plants. Indole- 
3-acetaldehyde would seem to be excluded also by the 
solvent partition result. 

In summary, after application of 2,4-dichlorophenoxy- 
acetic acid to the primary leaf of a bean seedling, a con- 
siderable fraction of the applied growth-regulatory ac- 
tivity can be extracted from other parts of the plant. 
The available evidence is consistent with the view that 
the recovered activity is due to 2,4-dichlorophenoxyacetic 
acid itself or to some dissociable salt thereof. 
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Tryptophane Synthesis in Insects 


Hideo Kikkawa 


Sericultural Experiment Station, 
Taketoyo, Aichi, Japan 


According to recent works on Neurospora crassa, the 
metabolism of tryptophane in this mold is represented as 
follows: Anthranilic acid —> indole+serine — trypto- 
phane — kynurenine — hydroxykynurenine — hydroxy- 
anthranilie acid — nicotinic acid (1, 6, 7). Further- 
more, my genetic and biochemical studies on silkworms 
show that riboflavin, pterins, and urie acid have a close 
bearing on tryptophane metabolism from tryptophane or 
kynurenine as in the case of eye pigments in insects 
(4, 5). It is therefore of great interest to examine in 
detail the metabolism of tryptophane in insects. In 
order to find out whether or not insects are able to 
utilize anthranilic acid or indole as a precursor of 
tryptophane, the following experiment was performed. 


TABLE 1 


Kind of pupa 


Normaltype White-1 type 


(+ chromogen) (Kynurenine) 


Qf o* Q* o* 


98.0 94.9 138.27 132.27 


0.5% Anthranilie acid . 
2. 0.5% Anthranilic acid 


+0.5% L-serine ...... 95.2 92.3 131.07 129.9f 
4. 0.5% Indole + 0.5% 

5. 0.5% L-Tryptophane .... 142.9 181.6 1364 126.1 
G. (Control) 100.0 100.0 


100.0 100.0 


* Values represent index numbers based on a control value 
of 100. 

7 The increase of index number is not due to the increase 
of kynurenine itself. 


At the pupal stage in silkworms food intake and ex- 
cretion stop completely, although gas metabolism con- 
tinues. Taking advantage of this fact, we selected 120 
pupae for investigation, immediately after pupation. 
These were divided into six groups of equal number, each 
group consisting of 10 males and 10 females. Individual 
pupae in each of the six groups received by injection 0.05 
ml of a certain substance which was to be tested as a 
possible tryptophane precursor. Substances tested were: 
(1) 0.5% anthranilie acid, (2) 0.5% anthranilie acid + 
0.5% serine, (3) 0.5% indole, (4) 0.5% indole + 0.5% 
serine, (5) 0.5% tryptophane, and (6) distilled water as 
control. Injected pupae were kept in a room where the 
temperature was maintained at 23°-25° C for 96 hr. 
Five pupae of the same sex were picked from each group, 
and they were separately ground with a certain volume 
of either 10% trichloroacetic acid or 80% ethanol. For 
each extraction, variation of the injected substance was 
examined. 

If anthranilie acid or indole is utilized as a precursor 
of tryptophane in insects, the amount of + chromogen (it 


is the same with en+ substance and is assumed to be 
hydroxykynurenine, according to a personal communica- 
tion from Prof. Beadle) should inerease in pupae of 
normal type as compared with the control (H.O injection 
group). This is the ease because in the normal pupae 
the greater part of free tryptophane is converted into + 
chromogen. Similarly, in pupae of white-1 mutant type, 
the amount of kynurenine should increase, because in 
these pupae the greater part of free tryptophane is con- 
verted into kynurenine (2,3). The amount of + chromo- 
gen was measured with Ehrlich’s diazo reaction method, 
and the amount of kynurenine with Otani-Honda’s method 
(2). 

The results of the experiment, as given in Table 1, show 
that, in both normal males and females, no marked in- 
crease of + chromogen was found except in the group in 
which tryptophane was injected. However, in eases where 
the white-1 mutant pupae were used, an increase of ky- 
nurenine was recognized in the groups which received (1) 
anthranilie acid, (2) anthranilie acid+serine, and (5) 
tryptophane. The curious result that the injection of 
(1) or (2) gave rise to an increase of kynurenine has 
been clarified by the subsequent experiments. It was 
ascertained that anthranilie acid injected in either the 
normal or the white-1 mutant pupae was converted into 
some unknown substance different from kynurenine, and 
this substance showed a reaction similar to that of ky- 
nurenine with Otani-Honda’s method. No increase of 
indole was recognized in the extraction of groups 1 and 
2, in either the normal or the white-1 pupae. 

Furthermore, evidence that indole is not a precursor of 
tryptophane has been shown by the fact that injected 
indole was detected as such. Addition of serine had no 
bearing on tryptophane synthesis in insects. From these 
results, there is left little doubt that anthranilie acid or 
indole is not utilized as a precursor of tryptophane in in- 
sects, at least at the pupation period of the silkworm. 
It has been found that these unnecessary substances were 
excreted with urine at last. 

Thus it is assumed that the origin of tryptophane in 
insects is different from that in molds. It may be as- 
sumed that the greater part of tryptophane is derived 
from food, i.e., mulberry leaves. It is possible, however, 
that indole derivatives, but not indole itself, are converted 
into tryptophane in insects. The following indole de- 
rivatives were tested: skatole, indole acetie acid, indole 
propionic acid, and indole lactic acid. Among these sub- 
stances, only indole lactic acid gave a positive result. 
Similar results were obtained in Drosophila. In this 
ease, the substance in question was added to a culture 
medium, and the increase of + chromogen or kynurenine 
in pupae was tested by the method deseribed in my previ- 
ous paper (2). 

From these experimental results, it may be concladed 
that the mechanism of tryptophane synthesis in insects 
is analogous to that of mammals, and not to that of 
molds. If we assume that the genes control the enzyme 
functions or chemical reactions, the results mentioned 
would indicate that the gene complex in insects is not 
the same as that of molds with respect to tryptophane 
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synthesis. Presumably, the genes for converting anthra- 
nilic acid or indole into tryptophane have become inactive 
or have been lost in the course of evolution of insects, as 
in mammals. 
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An Instrument for Use in Measuring 
Electrical Resistance of the Skin? 


Frederick G. Whelan 


Psychobiological Laboratory, Phipps Psychiatric Clinic, 
Johns Hopkins Medical School, Baltimore 


For many years, a dermometer designed by Levine (7) 
has been in use in this laboratory to measure the electrical 
resistance of the skin in a variety of neurological, physi- 
ological, and psychological studies. It proved to be very 
useful in studies on normal and hypnotic sleep, peripheral 
nerve injuries and spinal cord sections, and in detecting 
physiological differences between different types of neu- 
roses and psychoses (3, 4). Although for most purposes 
it gave satisfactory service, it has proved over the course 
of time to have several shortcomings. It does not have a 
sufficiently wide range, since it gives accurate readings 
only up to 43 million ohms and skin resistance may 
greatly exceed this value in a number of conditions. It 
is too fragile and delicate to be moved from place to 
place without danger of damage. And owing to its sensi- 
tive construction, it is too expensive for general use. 

To overcome these drawbacks, a new instrument (Fig. 
1) has been designed that has all of the advantages of 
the Levine machine, but none of its disadvantages, and 
in addition has several new features. At the same eur- 
rent used in the Levine instrument (2 ya) it has a range 
of from 1,000 ohms to 45,000,000 ohms. Within this range 
it has an accuracy of about 5%. This degree of accuracy 
suffices for most skin-resistance studies. The new instru- 
ment is much more rugged, is smaller (outside dimensions 
7 in. x12 in. x 3 in.), and more readily portable, weighing 
9} Ib as compared to 20 Ib. 

Fig. 2 gives the wiring plan. The instrument consists 
essentially of a voltage source (9- and 90-v batteries), 

1Carried out under a contract between the Medical Di- 
vision, Chemical Corps, U. S. Army, and The Johns Hopkins 
University. Under the terms of this contract the Chemical 


Corps neither restriets nor is responsible for the opinions or 
conclusions of the author 


a meaus for varying the voltage applied to the unknown 
resistance (between any two of the posts marked 1, 2, 3, 
and 4), a microammeter (A) for measuring the current, 
and a voltmeter (V) calibrated directly in ohms at 2 pa. 

For resistances up to 4.5 megohms the voltage source 
is a pair of small 44-v batteries connected in series. 
When the power switch (S1) is turned on, this voltage 
is connected across a series combination of two rheo- 
stats. One of these, 500 ohms (P1), is used as a fine 
adjustment, and the other, 15,000 ohms (P2), is used 
as a coarse adjustment of the voltage applied to the 
unknown resistance, which is connected between the two 
variable taps on the rheostats. ' 

The microammeter (A) has a range of 10 ya on either 
side of zero. Since in measuring the electrical skin re- 
sistance a small current sometimes flows before any ex- 
ternal voltage is applied, a zero-centered meter allows 
this resting current to be measured and compensated for 
regardless of its direction. The microammeter is auto- 
matically short-circuited when the power switch (S1) is 
turned to the ‘‘Off’’ position. 

The voltmeter (V) is a 0-l-ma d-e meter having a 
resistance of about 100 ohms. A three-position lever 
switch (S4) is used as a range switch connecting the 
proper resistances (R1 or R2) in series with the meter 
to give ranges of 0-45,000 ohms (R), 0-450,000 ohms 
(Rx 10), and 0-4.5 megohms (Rx 100). 

There are four binding posts (1, 2, 3, and 4 in Figs. 
1 and 2) for connecting electrodes to the palm and back 
of each hand (or to any other four locations) and a jack 
(J) for plugging in the ear clip and roller electrode 
combination ordinarily used with the neurodermometer 
for mapping skin-resistance patterns (2). A two-pole, 
six-position rotary switch (S6) connects the jack or vari- 
ous combinations of the binding posts to the measuring 
cireuit. A double-pole, double-throw toggle switch (S5) 
is provided in order to reverse the polarity of the elec- 
trodes and of the jack. The reversing switch and jack 
are features not included in the Levine instrument. 

In order to measure resistances between 4.5 and 45 
megohms, two 45-v batteries connected in series are pro- 
vided. A double-pole, double-throw switch (S3) connects 
this 90-v battery in place of the 9-v battery, and at the 
same time connects the necessary resistance (R3) in the 
voltmeter circuit to enable this high voltage to be read. 
The range switch (S4) is disconnected when the 90-v bat- 
tery is used. 

If it is desired to measure resistances below 1,000 ohms, 
a higher measuring current can be used. For example, 
by using a current of 10 pa, resistances as low as 200 
ohms can be measured. Although the electrical skin re- 
sistance as measured at 10 ya is not the same as would 
have been determined if the measurements were made at 
2 wa, nevertheless it does give a numerical value which is 
a good approximation of the 2-ua value. Similarly, for 
measuring resistances above 45 megohms, lower measuring 
currents can be used. A double-pole, double-throw switch 
(S2) disconnects the internal microammeter, connecting 
in its stead two binding posts on the panel to which an 
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Photograph of dermometer. 
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external meter can be connected. If a galvanometer with 
a range of 0.1 pa is used, resistance up to 900 megohms 
can be measured. One must exercise caution in compar- 
ing such readings with others taken at 2 ya, as the elec- 
trical skin resistance varies markedly with the measuring 
current, especially at low values of the current (6). 
The operation of the instrument is simple. When not 
in use the power switch (S1) should be turned to the 
‘‘Off’’ position, the range switch (S4) should be in the 
‘*Rx100’’ position, the ‘‘Coarse’’ and ‘‘Fine’’ adjust- 
ment knobs should be turned to their extreme counter- 
clockwise position, and the voltage switch should be 
turned to the ‘‘9 volt’’ position. Before turning on the 
instrument, from two to four electrodes should be placed 


WIRING PLAN 
| 
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Fic. 2. Wiring plan of dermometer. 


on the patient and connected to 
the binding posts at the bot- 
tom of the instrument panel, or 
if the mapping electrodes are 
used, the ear clip should be 
placed on the patient and the 
$4 plug inserted in the jack in the 
instrument panel. The power 
switch (S1) is then turned on, 
and the ‘‘Coarse’’ and ‘‘ Fine’’ 
adjustment knobs are turned 
until the microammeter reads 
2 wa. If the voltmeter reads 
J between 4,500 and 45,000 ohms, 
this reading multiplied by 100 
is the value of resistance being 
measured. If the reading is 
below 4,500 ohms, the range 
switch (S4) should be moved 
to the ‘‘Rx10’’ position and 
the current reset to 2 pa. If 
the reading is now between 4,500 and 45,000 ohms, this 
reading multiplied by 10 is the value of resistance being 
measured. If the reading is still below 4,500 ohms, the 
range switch (S4) should be moved to the ‘‘R’’ posi- 
tion and the current reset to 2 na. The voltmeter now 
reads directly the true value of resistance being measured. 
If originally it was impossible to raise the current as 
high as 2 ya with the range switch set on ‘*R~x100,’’ 
the ‘‘Coarse’’ and ‘‘ Fine’’ adjustment knobs should be 
turned back (counterclockwise), the voltage switch (S3) 
turned to the ‘‘90 volt’’ position, and the ‘‘Coarse’’ 
and ‘‘Fine’’ adjustment knobs reset to give 2 ya. The 
true resistance reading is then the voltmeter reading 
multiplied by 1,000. 

Several of these instruments have been in use for some 
time in this laboratory to measure the effects produced 
by sympathectomy, by section of peripheral nerves, by 
natural sleep and sleep produced by drugs, by circulatory 
disturbances (either those seen in arteriosclerosis or in 
those produced experimentally in animals), and by cold 
or warm temperatures. They have also been used to 
measure healing times of wounds produced by skin pune- 
tures, burns, and other lesions (5). 

They have been used in place of the regular mapping 
dermometer to outline areas of skin that become sym- 
patheectomized by peripheral nerve injuries or spinal cord 
lesions; also to outline areas of skin that show altered 
functions in various types of peripheral vaseular diseases. 
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Radioactive Phosphorus (P%*) Used to Study 
Phosphate Exchange between Urine in 

the Renal Pelvis and Renal Calculi 
Containing Phosphate? 


John A. Benjamin, William F. Neuman, Herbert E. 
Thompson, and Christine Waterhouse”: * 


Departments of Surgery (Division of Urology), 
Radiation Biology, and Medicine, University of Rochester, 
School of Medicine and Dentistry, 

Rochester, New York 


In 1948, Cristol et al. (2) reported the surgical removal 
of a bladder stone from a patient receiving P* therapy 
for polyeythemia vera, and demonstrated radioactivity in 
the calculus. It occurred to us that P* might be another 
tool to use in an investigation of the phosphate exchange 
between urine in the renal pelvis and renal ecaleuli con- 
taining phosphate as PO,. From a review of the litera- 
ture, it appears that this is the first time that renal 
caleuli containing phosphate and the urine bathing them 
have been studied for radioactivity after administration 
of 


TABLE 1 


QUANTITATIVE CHEMICAL ANALYSIS OF TWO STONES 
FROM PATIENT C. G. 


Calcium + phosphate (22.7 + 34.6) 67.3 


In the present study, the test patient, a female aged 
23 years, had unilateral renal calculi containing phos- 
phate as PO, (Table 1) in the right renal pelvis (Fig. 1). 
The control patient, a female 33 years old, gave a nega- 
tive history for urinary tract calculi. In both patients 
the levels of nonprotein nitrogen, serum calcium, phos- 
phorus, and vitamin A were normal, as were the urea 
and phenolsulfonphthalein clearances. Cystoscopy and 
bilateral ureteral catheterization were carried out under 
local anesthesia with 1% solution of procaine. 

The P* was administered orally as acid sodium phos- 
phate, the test patient receiving an activity of 7,920,000 
epm, and the control an activity of 10,000,000 epm (70 
and 130 pe, respectively). Urine specimens from both 
patients were then collected directly from the renal pelves 
at various time intervals over a period of 700 min (Fig. 
3a and b). 

Twenty-four hours after oral administration of P®, 
16 renal ealeuli weighing a total of 0.850 g were removed 


1This study was supported by funds from the Dr. Henry 
Cc. Buswell Memorial. 

° Henry C. Buswell Fellow in Internal Medicine. 

* The authors wish to acknowledge the technical assistance 
of Betty J. Mulryan and Kathryn Y. Cusson. 


surgically. Two of these were analyzed chemically (Table 
1) according to the procedures described by Thompson 
et al. (8). Five stones were tested for radioactivity by 
use of a Geiger-Miiller counter, and the radioactive meas- 
urements are recorded in Table 2. Radioautographs were 
made by placing five of the stones directly in contact 
with an occlusal film (Fig. 2). The five stones shown 
here were not washed in water before the autoradio- 
graphs were made. 


Fie. 1. 


The arrows on the roentgenogram point to the 
stones in the right kidney pelvis in the patient C. G.. none 
being present in the left kidney. 


The urine was prepared for radioactivity measurements 
in the following manner. Urine specimens were hydro- 
lyzed in 5N H,SO, for 1 hr-2 hr at 90° C prior to analy- 
sis by either the Fiske and Subbarow (4), or Kuttner and 
Lichtenstein (6) methods. The samples were taken di- 
rectly or diluted with distilled water and counted with an 
all-glass dipping Geiger-Miiller tube (1) supplied with a 
commercial sealing circuitt (seale of 64). Sufficient 


TABLE 2 


WEIGHTS AND RADIOACTIVITY MEASUREMENTS 
or Five KIDNEY STONES 


Total 

Stone — Cpm/mg epm 

(corrected) 

1 84.7 0.542 45.9 

2 90.0 0.713 64.1 

3 48.6 1.56 75.8 

4 66.9 0.885 59.0 

5 79.7 1.13 90.3 


counts were accumulated to reduce the error of measure- 
ment below 5%. Results are expressed in terms of spe- 
cifie activity or epm/mg of phosphorus. In the two ex- 
periments it was not possible to give exactly equal doses. 


4 Obtained from Radiation Counter Laboratories, Inc., Chi- 
eago, Illinois. 
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The data have been corrected, therefore, so that they 
correspond to the administration of a total dose of 
exactly 107 epm. 

The results obtained from the study of the two pa- 
tients receiving P® are presented in Fig. 3a and b. The 
effect of the kidney stones in patient C.G. on the radio- 
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Fic. 2. Radioautograph of five renal calculi, obtained by 
placing the stones directly on an occlusal film, which is ex- 
posed for 15 days and then developed for 8 min. 


activity was quite striking. Shortly after administration 
of P*, the specific activities of urine specimens from the 
kidney containing the stones rose more slowly than did 
those of the control kidney, and remained elevated at 
later time intervals (Fig. 3a). It is clear that both kid- 
neys of the control patient E.M. exereted phosphate of 
the same specifie activity. There were no consistent dif- 
ferences in the activity of the phosphate obtained from 
either the right or the left kidney at a given time inter- 
val and the slight variations that were observed were 
within permissible experimental error (Fig. 3b). These 
are the expected results, consistent with the accepted 
view that living cells cannot differentiate between iso- 
topes of the same element. 

The most rational explanation of the radioactivity in 
the renal ealeuli is as follows: A highly radioactive phos- 
phate passes by the nonradioactive stones, an ionic ex- 
change takes place, radioactive phosphate from the urine 
replacing nonactive phosphate in the surfaces of the 
stones. This lowers the specific activity of the urine 
reaching the renal pelvis and imparts radioactivity to the 
stones. Later, as the specifie activity of the newly 
formed urine falls below the activity of the stones, the 
reverse process takes place, the stones contributing radio- 
active phosphate for nonisotopic phosphate and thus pro- 
ducing an elevated activity of the urine obtained 10 hr 
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FiG. 3a and b. Radioactivity results from the two patients. 
In both cases circles represent the data obtained from study 
of the right kidney, triangles from the left. The curves 
in Fig. 3a show the results from the study of the urines from 
either renal pelvis in patient C. G., who had stones in the 
right kidney. The lower curve shows results of the same 
type of study on patient E. M., who had normal kidneys. 


or more after administration. The proposed ionie ex- 
change mechanism is not a new concept. The exchange 
of radiophosphate of solution for nonisotopie phosphate 
of a solid has been well studied in the ease of bone (3, 
5,7). 

This is a preliminary report and further studies are 
planned with respect to glomerular filtration rates and to 
phosphorus excretion. 
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The Natural Sciences Applied to Social Theory 


A small conference was held in Princeton last October 
and attended by scientists and scholars expert in a wide 
variety of fields, including mathematics, astronomy, phys- 
ies, physiology, sociology, marketing, economics, philol- 
ogy, and history. The conference was supported by The 
Rockefeller Foundation and its purpose was to explore 
the possibility of broadening research in the natural sci- 
ences by applying results to the improvement of thought 
in the social sciences, particularly through increased em- 
phasis on ideas and methods of a mathematical sort. 
General agreement was reached among the group that this 
can and should be done and that the division between the 
natural and social sciences is becoming much less severe. 

The following statement was issued. 


Critical importance is attached to improved descriptions 
of social processes. No substantial body of social scientists 
are opposed to the collection of data which can be described 
in mathematical terms. No advocates among us were found 
for the idea that the study of human nature cannot be ad- 
vanced by the same methods which have succeeded with 
physical nature. Mathematical reasoning about well-estab- 
lished social concepts supplements verbal reasoning and may 
even supplant it in some instances. 

Modern mathematics is not limited to numerical equations, 
as is witnessed by such subjects as topolugy and theory of 
groups. Many students of the social sciences should be en- 
couraged to familiarize themselves with the methods and 
some of the phenomena and principles of the mathematical 
sciences. The relationship is bilateral, in that wholly new 
phases of mathematics such as the theory of games will be 
developed in order to deal more adequately with some types 
of social phenomena. 

Standards of making and presenting social observations 
need to be raised in many cases. Difficulties of defining 
what is to be measured are even more evident than in the 
physical sciences, although the same difficulties are met in 
physics when high precision is demanded. There must al- 
ways be a blur around the edges of a category when it is 
applied to phenomena. Wherever feasible some indication 
of uncertainties should be published with the observations ; 
they are larger than most users of social statistics realize. 

Some too-impatient applications of mathematical reason- 
ing in the social field have tended to make unmathematical 
scholars accept its results with reservation. Perhaps, as one 
example, the idea of applying exact time cycles has been over- 
worked. Valid empirical regularities occasionally have been 
pressed too far and employed as though they were complete 
theoretical explanations usable under conditions widely dif- 
ferent from those where ta¢y had been proved to agree with 
observation. 

The origination of sucial theories by the carryover of 
analogues from the natural sciences requires special atten- 
tion. An analogy, even when detailed, is not a proof but 
always must be tested against observed social data. The 
analogy must be more than verbal; it must express a func- 
tion or abstract relationship common to the two fields. <A 
question of terminology arises when such a transfer is made, 
but we are agreed that questions of mere names can be de- 
ferred. 

The distinction between pure science and engineering ex- 
ists also in the social field. There most workers have been 
interested in reaching decisions and making utilitarian appli- 


Comments and Communications 


cation, as engineers, to o greater degree than in stopping, as 
scientists, with description and prediction. 

Our discussions discovered and mapped an interesting rift 
between investigators trained in natural science and those 
trained in social science. There is a marked difference of 
opinion with respect to the usefulness of empirical regularity 
as a middle stage in progressing from observation to hy- 
pothesis or theory. While sociologists have given some at- 
tention to purely empirical studies, it is theory which has 
been the glamorous element. And social theory usually is 
elaborated deductively from considerations that have a priori 
appeal rather than from the much more laborious and de- 
tailed process of searching first for significant regularities 
among masses of observatious—the search for regularity 
without regard to so-called meaning. One idea advanced in 
our discussions was that the conceptual level of the original 
observations-must in some sense already be at the stage of 
final theory, and that in consequence the question always is, 
What observations to make? Which regularities will be 
significant ? 

We suggest that any natural scientist who may be ambi- 
tious tu make a contribution to or criticism of social science 
should heed the red flags which came out in our discussions. 
Contrasts we touched upon, such as statistics versus history, 
communication versus uniqueness, denotation versus conno- 
tation, description versus decision, are not to be slurred over 
lightly. 

We all feel that these results of only six hours of joint 
discussion among people who represent a wide scientific 
baseline is an encouraging preliminary test of the mixed- 
team method. Here is a uew academic research tool. It 
was first proposed long ago and, under the name operations 
analysis, has met with successes when directed toward en- 
gineering objectives. 


Signers of this declaration of interdependence in re- 
search include: 
Read Bain 

Miami University 
P. W. Bridgman 

Harvard University 


Marston Morse 
The Institute for 
Advanced Study 
John Q. Stewart 


Reavis Cox Princeton University 
University of Joseph R. Strayer 
Pennsylvania Princeton University 


William J. Crozier 
Harvard University 
Stuart C. Dodd 
University of 
Washington 
George A. Lundberg 
University of 
Washington 
Oskar Morgenstern 
Princeton University 


Joseph L. Walsh 
Harvard University 
Edwin B. Wilson 
Harvard University 
(emeritus) 
Max A. Woodbury 
The Institute for 
Advanced Study 
George K. Zipf 
Harvard University 


It is a source of deep regret as well as pride to us that 
this was the last scientific meeting which Alfred J. Lotka 
attended. His death came before he, a pioneer in the 
mathematical study of society, could comment on the 
results. 

JOHN Q. STEWART 


Princeton, New Jersey 
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Sir John Herschel and Contact Lenses 


Katherine Chalkley has appealed for an exact quota- 
tion, from the writings of Sir John F. W. Herschel, of 
the passage in which he is supposed to have suggested 
the making of corneal contact lenses (Science, 1949, 110, 
693). I am glad to supply the information, and to take 
this opportunity to point out that Herschel probably did 
not have corneal contact lenses in mind. 

The passage occurs on p. 398 of Sir John’s great ar- 
ticle on ‘‘Light,’’ occupying pp. 341-586 of Vol. IV of 
the Encyclopaedia Metropolitana, which was published in 
London in 1845. The article was, however, signed 
‘*Slough, December 12, 1827’’ and was apparently pub- 
lished separately as soon as it had been written, for a 
French translation appeared in 1829-1833 and a German 
one in 1831. Any discussion of priority in the suggestion 
of contact lenses per se, therefore, should probably eredit 
Herschel with such a suggestion as of 1827. 

On his p. 398, Herschel is speaking of possible means of 
correcting for regular corneal astigmatism, which had 
been recently discovered by G. B. Airy in his own eyes, 
and not as yet (in 1827) concisely named. Herschel says: 


The strict method, applicable in all such cases, would be 
to adapt a lens to the eye, of nearly the same refractive 
power, and having its surface next the eye an exact intagliv 
fac-simile of the irregular cornea, while the external should 
be exactly spherical of the same general convexity as the 
cornea itself; for it is clear, that all the distortions of the 
rays at the posterior surface of such a lens would be exactly 
counteracted by the equal and opposite distortions at the 
cornea itself.7 


Herschel goes on to describe how Airy solved the problem 
by means of a spectacle lens in the usual location, but 
having one spherical and one eylindrical surface—the type 
of correction used for this common refractive error ever 
since. 

The dagger at the end of the quotation indicates a foot- 
note in which Sir John says: 

y+ Should any very bad cases of irregular cornea be found, 
it is worthy of consideration, whether at least a temporary 
distinct vision could not be procured, by applying in contact 
with the surface of the eye some transparent animal jelly 
contained in a spherical capsule of glass; or whether an 
actual mould of the cornea might not be taken, and impressed 
on some transparent medium. The operation would, of course, 
be delicate, but certainly less so than that of cutting open a 
living eye, and taking out its contents. 

Certainly, here is a detailed suggestion of a contact 
lens, dnd even of the molded plastic type which in recent 
years has become favored. But I do not believe that Sir 
John literally contemplated what we now call a corneal 
lens, i.e., one edged to the diameter of the cornea and 
lacking a scleral skirt. Like his father and his aunt, Sir 
John was an astronomer. His work is not free of errors 
concerning the eye, and he certainly knew nothing about 
it from the operative standpoint (else he would not have 
used the operation of evisceration as an example of a 
‘“delicate’’ one!). In this instance, his attention was al- 
most entirely upon the cornea, since it is the (only) op- 

1Thomas Young, prior to 1793, discovered his own lentic- 


ular astigmatism—amounting to 1.7 diopters—in the course 
of his experiments on the mechanism of accommodation. 


tical part of the fibrous tunie and hence lay within his 
department of science. But I would confidently predict 
backwards and say that if Herschel had tried to make and 
fit a contact lens, it would have had, from the first or very 
soon afterward, a scleral portion supporting the ‘‘ corneal 
segment’’ out of contact with the sensitive cornea, in the 
present manner. The technology of the time could not 
have provided a corneal lens fitted so perfectly as not to 
stimulate the cornea’s abundant pain-endings—and Sir 
John would have known this as soon as he touched his 
own cornea. 

About ten years ago, I read a 19th century account of 
the experimental installation of a corneal contact lens, in 
a rabbit which wore it for several months without ill ef- 
fects. Unfortunately, I have lost that reference (which 
might establish a genuine priority). 

Gorpon L. WALLS 
School of Optometry, 
University of California, Berkeley 


A Note on Chatin and the Hypothesis that 
Endemic Goiter is Due to a Lack of Iodine 


W. T. Salter has written (Science, 1949, 109, 453) : 


His [A. Chatin’s] fellow scientists tried to apply his method 
and failed. Finally, the French Academy surveyed these re- 
sults and concluded that Chatin’s work was not tenable. The 
poor man ended his eareer in disappointment and frustra- 

One wonders, now, how the leading French scientists dared 
to discredit Chatin’s conclusions. 

The answer is not hard to find or difficult to understand. 
In short, others could not confirm Chatin’s findings as te 
the differences in the iodine content of soil, water, air, 
and food in various localities. (Chatin emphasized the 
iodine content of the air and almost entirely neglected 
that of the food.) They also refused to admit that the 
therapeutic and prophylactic action of iodine, which 
many conceded, was proof that endemic goiter was due to 
a lack of iodine. They raised other objections, which I 
will cite later. 

So far as I have been able to determine, neither the 
Académie Frangaise, the Académie des Sciences, nor the 
Académie de Médicine ever formally rejected Chatin’s 
views. However, on December 19, 1861, more than 
eleven years after Chatin’s first publication on the sub- 
jeet, E. Rouher, Minister of Agriculture, Commerce, and 
Public Works, appointed a commission to collect all gov- 
ernment data on goiter and eretinism, to coordinate and 
consider them, and to propose means to abolish these dis- 
orders or diminish their incidence. The comnfission, as 
originally appointed, consisted of seven physicians and 
three laymen. The commission requested and secured the 
addition of Baillarger, as a special representative of the 
Académie de Medecine, charged by this body with ac- 
quainting the commission with the material in the pos- 
session of the academy. 

The report of the commission was not published until 
1873 (Baillarger, J. G. F. Enquéte sur le goitre et le 
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cretinisme. Paris, 1873). It consisted of 376 pages, of 
which eight (283-291) were devoted to a consideration 
of Chatin’s findings and conclusions, which were set forth 
in his own words. 

To these conclusions, the commission objected: 

1. Goiter did not exist in the Alps at elevations greater 
than 1,200 meters above sea level, although Chatin claimed 
that the air and water contained no iodine. 

2. Goiter was prevalent in places separated from others 
free from goiter by only a short distance. The report 
cites two villages only a kilometer apart. 

3. Goiter was prevalent in the valley of the Oise, where 
Chatin had found the air and water to be normally 
iodinated. 

4. According to Chatin himself, one-tenth of the women 
of Trieste, a seaport with iodinated air, had goiter. 

There is more in the report that is quite inconsistent 
with the iodine-lack hypothesis but that is not discussed 
in this connection. For instance, there was the temporal 
variation in the exemptions from military service because 
of goiter in 60 of the departments of France for five 
successive decennia, 1816-1865. During this period, there 
were decreases, as in Bas-Rhin, 60, 39, 29, 10, 5 per 
thousand; increases, as in Haute-Sadne, 2, 9, 13, 12, 17 
per thousand; and increases and decreases, as in Hautes- 
Alpes, 62, 142, 123, 87, 101, or Rhone, 24, 38, 50, 28, 24. 

However, the commission accepted the prophylactic use- 
fulness of iodine and recommended (p. 347) that iodine 
preparations of one kind or another be dispensed, free of 
charge, in school and asylums, to all goitrous children 
and to all other children whom the physician might con- 
sider predisposed to the disease. The report cites several 
instances of the apparent success of this treatment. 
Why it did not become general and why France, of all 
countries, has to this day refused to adopt the compulsory 
iodinization of salt need not be discussed here. Those 
interested might do well to read the report by L. Berard 
and C. Dumet (Report to first international goiter confer- 
ence. Berne, 1927) of the great diminution in the inci- 
dence of goiter from 1897 to 1927, without any ‘‘sys- 
tematic preventive treatment with iodine.’’ 

Within a year of the publication of the commission’s 
report, A. Chatin was made director of the Ecole Su- 
périeure de Pharmacie and was elected to the Academie 
des Sciences. A few years later, he was promoted to be 
Officer of the Legion of Honor. In 1886, he retired from 
the Ecole Supérieure de Pharmacie and was made hon- 
orary director. In 1896, he was the subject of a laud- 
atory biography, under the title ‘‘Les Maitres de Méde- 
cine’? (unsigned biography in La Médecine Moderne, 
1896, 7, suppl. 129). He was later elected president of 
the Académie des Sciences. He died in 1901 and was the 
subject of long, eulogistic obituary notices in two impor- 
tant journals. (Guignard, M. L. J. Pharm. Chim., 
1901, 6th Series, 13, 151; and Perrot, E. Bull. Sci. 
Pharm., 1901, 3, 23). 

It is difficult to find any evidence of disappointment 
and frustration. 


IsIDOR GREENWALD 
Department of Chemistry, 


New York University College of Medicine 
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NEWS 
and Notes 


Harry F. Dowling has been 
named head of the newly established 
Department of Preventive Medicine 
at the University of Illinois College 
of Medicine. Dr. Dowling is now 
clinical professor of medicine at 
George Washington University. 


Joseph G. O’Mara has been ap- 
pointed professor and research pro- 
fessor of genetics at Iowa State 
College. Dr. O’Mara has been con- 
ducting research at the University 
of Missouri since 1936 as a member 
of the staff of the field crops group 
in the U. S. Department of Agri- 
culture. 


Clarence J. Hylander has been 
appointed executive secretary of the 
American Institute of Biological Sci- 
ences with headquarters at the Na- 
tional Research Council, Washington, 
D. C. Dr. Hylander was formerly 
chief of the Technical Information 
Section of the Medical Division, 
Army Chemical Center, Maryland. 
Milton O. Lee, who has been acting 
executive secretary, will continue as 
executive secretary of the NRC Divi- 
sion of Biology and Agriculture. 


Henry Kritzler, former curator 
at Marine Studios, Inc., St. Augus- 
tine, Florida, has been appointed 
resident investigator at the Duke 
University Marine Laboratory at 
Beaufort, North Carolina, where he 
will be in charge of a year-round re- 
search program. C. G. Bookhout, 
associate professor of zoology at 
Duke, has been named director of 
the laboratory. 


Visitors to U. S. 


Harold Davenport, of the Univer- 
sity College, London, Werner Fen- 
chel, of the Polytechnical School, 
Copenhagen, W. K. Hayman, of 
Exeter College, England, and W. W. 
Rogosinski, of King’s College, New- 
castle, England, will be associated 
with the Mathematics Department of 
Stanford University during the sum- 
mer quarter. 


Hidesaburo Aoyama, professor of 
mining and metallurgy, Seiji Kaya, 
dean of the Faculty of Science, and 
Hiroshige Shiota, president of the 
Nippon Medical School, all of the 
University of Tokyo, were recent 
visitors at the National Bureau of 
Standards. They are members of the 
Japan Science Council, in the U. 8. 
to observe advances in equipment and 
techniques in the various fields of 
science. 


Franz Ollendorf, head of the 
Electrical Engineering Department 
of the Institute of Technology in 
Haifa, Israel, is in the U. S. to select 
equipment for his laboratory. He 
plans to visit the electrical engineer- 
ing laboratories of several univer- 
sities here. 


Carl von Weizsacker, of the 
Physies Department, Gottingen Uni- 
versity, Germany, recently visited 
Georgetown University, Washington, 
D.C. While there, he lectured on the 
‘*Evolution of Galaxies and Stars.’’ 


Seishi Kikuchi, chief of the Phys- 
ics Department of Osaka University, 
has been appointed a member of the 
visiting research staff at Cornell Uni- 
versity. He will serve as senior re- 
search associate at the university’s 
Floyd Newman Laboratory of Nu- 
clear Studies. 


Grants and Awards 


The first presentation of the newly 
created Lemuel Shattuck Award 
for the promotion of public health 
by a New Englander was made at the 
60 anniversary meeting of the Massa- 
chusetts Public Health Association 
held at Boston University, April 25. 
The award will be given to Charles- 
Edward Amory Winslow, professor 
emeritus of public health, Yale Uni- 
versity Medical School and editor of 
the American Journal of Public 
Health. April 25 marked the 100th 
anniversary of Lemuel Shattuck’s 
**Report of the Sanitary Commission 
of Massachusetts. ’’ 


The Psychophysiology Branch, 
Human Resources Division, Office 
of Naval Research, recently an- 
nounced the following contracts: at 
Ohio State University, J. W. Black 
will study variables that affect intel- 
ligibility in voice communication ; in- 


vestigations of the nature of night 
vision to determine racial differences 
will be conducted at the University 
of Hawaii under the direction of W. 
J. Holmes; D. R. Griffin at Cornell 
University is studying the basic 
mechanisms by means of which flying 
mammals emit sonic and ultrasonic 
pulses; and research to determine the 
lower thresholds of smell sensitivity 
is being conducted by F. N. Jones at 
the University of California. 


William F. Geddes, chief of the 
University of Minnesota’s Agricul- 
tural Biochemistry Division, has been 
named recipient of the Thomas 
Burr Osborne Medal of the Ameri- 
can Association of Cereal Chemists. 
Dr. Geddes, who was cited for his 
distinguished contributions in cereal 
chemistry, will receive the medal dur- 
ing the annual meeting of the asso- 
ciation in Chieago in May. 


The American Institute of Nu- 
trition made the following awards 
at its annual meeting in Atlantic 
City on April 19: Osborne and Men- 
del Award, to Conrad A. Elvehjem, 
professor of biochemistry at the Uni- 
versity of Wisconsin, in recognition 
of his contributions to the knowledge 
of vitamin and amino acid require- 
ments of experimental animals; 
Mead Johnson Vitamin B Complex 
Award for 1950, te William B. 
Castle, of the Harvard University 
Medical School, for his investigations 
leading to the concept of extrinsic 
and intrinsic factors in pernicious 
anemia and his studies on the rela- 
tion of B,, to pernicious anemia; 
1950 Borden Award in Nutrition, to 
Henry C. Sherman, emeri- 
tus at Columbia Univeisity, for his 
research on the nutritive importance 
of components of dairy products. 


Atomic Energy Commission con- 
tracts in physical research, totaling 
$1,345,660, have been awarded to 12 
institutions during the first three 
months of 1950. The largest con- 
tract—$1,250,000—was awarded the 
California Institute of Technology 
for the design, construction, and op- 
eration of a one-bev electron synchro- 
tron. The project is being super- 
vised by Robert F. Bacher, head of 
the Division of Physies, Mathe- 
maties, and Astronomy at Caltech 
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and former Atomic Energy Commis- 
sioner. Other newly awarded con- 
tracts are: George Washington Uni- 
versity, C. R. Naeser, studies of the 
fluorides of the rare earth elements; 
New York University, C. V. King, 
measurement of metal dissolution 
rates in aqueous solutions of acids 
and oxidizing agents; Pennsylvania 
State College, P. J. Elving, research 
on polarography of organic com- 
pounds; University of Florida, D. 
O. Swanson, completion of one-Mev 
electrostatic generator now under 
construction; University of Illinois, 
P. E. Yankwich, hot atom chemistry 
and isotopic exchange reactions pri- 
marily between uncomplexed ions; 
University of Louisville, R. H. Wiley, 
synthesis and properties of ion ex- 
change resins; University of New 
Hampshire, H. H. Haendler, certain 
uncommon inorganic fluorides; Uni- 
versity of North Carolina, S. Y. 
Tyree, Jr., study of molecular com- 
pound formation between zirconium 
tetrachloride and certain organic es- 
ters; University of Puerto Rico, A. 
Cobas, low latitude cosmie ray 
studies; Western Reserve University, 
E. L. Pace, thermodynamic properties 
of gases adsorbed on solids; Yale 
University, L. Meites and J. M. Stur- 
tevant, study of polarographic dif- 
fusion with objective of increasing 
the accuracy of the polarographic 
method of chemical analysis. 


Fellowships 

To aid persons of ability to enter 
the library profession or to do ad- 
vanced study in library science, the 
University of Illinois Library 
School is offering fellowships and 
assistantships for both postgraduate 
and undergraduate students. In- 
cluded are graduate fellowships pay- 
ing from $700 for first year students 
to $1,000 for third year students; the 
$600 Katherine L. Sharp fellow- 
ship, teaching assistantships paying 
a base salary of $2,400, research 
assistantships with a base salary of 
$2,600, library assistantships at the 
same rate, and part-time student 
assistantships. 


The Allied Chemical and Dye 
Corporation is offering 31 fellow- 
ships, mainly in the fields of chem- 


istry and chemical engineering, to 
outstanding students in their final 
year of graduate study. The fellow- 
ships provide $1,200 and tuition. 
The fellows and the research to be 
undertaken will be selected by the 
following schools: University of Cali- 
fornia, California Institute of 
Technology, Carnegie Institute of 
Technology, University of Chicago, 
Columbia University, Cornel] Univer- 
sity, Duke University, Harvard Uni- 
versity, University of Illinois, Univer- 
sity of Iowa, McGill University, 
Massachusetts Institute of Technol- 
ogy, University of Michigan, Univer- 
sity of Minnesota, Northwestern Uni- 
versity, Ohio State University, Penn- 
sylvania State College, University of 
Pennsylvania, Polytechnic Institute 
of Brooklyn, Princeton University, 
Purdue University, Syracuse Univer- 
sity, University of Wisconsin, and 
Yale University. 


Summer Programs 


Summer field courses in geology, 
for both graduate and undergraduate 
students, are being offered by the 
University of Nebraska, beginning 
June 7, at its permanent summer 
field camp in northwestern Nebraska. 
The program will be under the direc- 
tion of Alvin L. Lugn, professor of 
geology at the university. The 
courses will be open to students from 
other universities and colleges, but 
they must apply for admission at 
least one month in advance of regis- 
tration. Graduate work will be ar- 
ranged to suit individual needs. 
Tuition and fees vary according to 
status as resident or nonresident stu- 
dent and number of credit hours 
desired. A deposit of $85 is re- 
quired to cover costs of the field 
course. Further information may 
be obtained from Prof. Lugn or from 
Prof. E. F. Schramm, chairman of 
the Department of Geology, Univer- 
sity of Nebraska, Lincoln. 

The Oregon Institute of Marine 
Biology has announced its tenth an- 
nual summer session at Charleston 
on Coos Bay, Oregon, from June 19 
to August 11. The work in ichthyol- 
ogy will not be given this summer, 
but graduate and undergraduate 


courses will be offered in botany, 
algology, ecology, and invertebrate 
zoology, including embryology. No 
out-of-state tuition is required of stu- 
dents from other states. Admission 
forms and additional information 
may be obtained from F. A. Gilfillan, 
Oregon Institute of Marine Biology, 
Corvallis, Oregon. 


A course in catalysis in organic 
chemistry, offered this summer by 
Northwestern University, will make 
available the facilities of the Ipatieff 
High Pressure and Catalytic Labora- 
tory to students of other institutions 
and to industrial chemists. Qualified 
persons will also be permitted to take 
advanced work in the field. Those 
interested should write at once to 
Dr. Herman Pines, Northwestern 
University, Evanston, Illinois, as the 
registration is limited. 


A general chemistry workshop 
for teachers of general chemistry will 
be held July 12-23 on the campus of 
Oklahoma Agricultural and Mechani- 
eal College. The two-week confer- 
ence is sponsored by the Division of 
Chemical Education of the American 
Chemical Society and will be directed 
by T. Bentley Edwards, of Chico 
College, Chico, California, and Theo- 
dore Ashford, of the University of 
Chicago. Further information may 
be had from J. A. Shotton, Depart- 
ment of Chemistry, Oklahoma A. and 
M. College, Stillwater, Oklahoma. 


A course in medical mycology, 
under the direction of Norman F. 
Conant, will be offered at Duke Uni- 
versity School of Medicine and Duke 
Hospital, July 3-29. Emphasis will 
be placed on the laboratory as an aid 
in diagnosing fungus infection. 
Work with patients, -clinical ma- 
terial, cultures, and laboratory ani- 
mals will serve as a basis for the 
course. Study of pathologie ma- 
terial, gross and microscopic, will 
be available to those with previous 
specific training. Registration for 
the course is limited and applications 
will be considered in the order in 
which they are received. A fee of 
$50 will be charged. Inquiries 
should be directed to Dr. Conant, 
Duke University School of Medicine, 
Durham, North Carolina. 
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Meetings and Elections 


A symposium on recent studies 
of the mammalian male sexual ac- 
cessory glands will be held Monday 
evening, May 8, at the New York 
Academy of Science, 2 East 63rd 
Street, New York City. The sympo- 
sium is sponsored by the academy’s 
Biology Section. Papers will be pre- 
sented by W. W. Scott, Johns Hop- 
kins University, James Leathem, 
Rutgers University, E. D. Goldsmith, 
New York University College of Den- 
tistry, R. F. Nigrelli, New York Zoo- 
logical Society, and J. B. Trunnell 
and B. J. Duffy, Jr., of Sloan-Ketter- 
ing Institute for Cancer Research, 
New York City. 


The American Malacological 
Union will hold its 16th annual meet- 
ing at the Chicago Natural History 
Museum, June 14-16. Titles and ab- 
stracts of papers should be sent as 
soon as possible to Dr. Fritz Haas, 
Chicago Natural History Museum, 
Roosevelt Road and Lake Shore 
Drive, Chicago. Hotel and dinner 
reservations should be made with Dr. 
Haas not later than June 10. 


The Seventh International Con- 
gress of the International Society 
for Cell Biology will be held at Yale 
University September 4-8. Dates of 
the sessions and their chairmen are 
as follows: September 4—Chemical 
Organization of Protoplasm, J. F. 
Danielli, Chester Beatty Research In- 
stitute, Royal Cancer Hospital, Lon- 
don; September 5—Nuclear and 
Chromosomal Structure, T. Caspers- 
son, director of the Department for 
Cell Research, Karolinska Institute, 
Stockholm; Nucleocytoplasmie Rela- 
tions, T. M. Sonneborn, Indiana Uni- 
versity, Bloomington ; September 6— 
Mitosis, Honor B. Fell, Strangeways 
Research Laboratory, Cambridge, 
England ; Cell Nutrition, 4. Haddow, 
Chester Beatty Research Institute, 
Royal Cancer Hospital, London ; Sep- 
tember 7—Fine Structure of Cells, 
E. Fauré-Fremiet, College de France, 
Paris; Fertilization, C. W. Metz, di- 
rector of Zoological Laboratory, Uni- 
versity of Pennsylvania, Philadel- 
phia; Enzymes in Embryos, Heinz 
Holter, Carlsberg Laboratory, Copen- 


hagen; September 8—Reproduction 
of Cytoplasmie Particles, Albert 
Claude, Institut Jules Bordet, Brus- 
sels; Cell Surfaces, J. Runnstrom, 
Wenner Grens Institute, Stockholm. 


The American Society for the 
Study of Arteriosclerosis will hold 
its annual meeting November 5-6 at 
the Knickerbocker Hotel in Chicago. 
Contributions to the scientifie pro- 
gram are invited. Titles and ab- 
stracts (not exceeding 200 words) 
should be sent not later than June 15 
to G. Lyman Duff, chairman of the 
Program Committee, 3775 University 
Street, Montreal, Canada. 

The Association of Geology 
Teachers elected the following offi- 
cers for 1950-51 at its meeting in 
Urbana, Illinois, April 14-15: presi- 
dent, Paul R. Shaffer, University of 
Illinois; vice president, Rudolph Ed- 
mund, Augustana College; secretary- 
treasurer, Raymond C. Gutschick, 
University of Notre Dame; and edi- 
tor, William F. Read, Lawrence Col- 
lege. 


The Society of Agricultural Sci- 
entists of Finland at its annual 
meeting in Helsinki, Finland, March 
9, elected J. Vuorinen to succeed E. 
A. Jamalainen as chairman. John 
E. Kotila, senior pathologist of the 
Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Beltsville, 
Maryland, was elected corresponding 
member. 


NRC News 


An advisory committee on physi- 
ology to the Office of Naval Research 
has been established in the American 
Institute of Biological Sciences of 
the NRC. This is the second of sev- 
eral committees planned by the 
AIBS to provide advisory services to 
ONR on research proposals sub- 
mitted to it for support, and to 
evaluate the ONR research program. 

Members of the new committee 
are: Ralph W. Gerard, professor of 
physiology, University of Chicago, 
chairman; Edward Baldes, professor 
of biophysics, Mayo Clinic; Fred 
D’Amour, professor of zoology, Uni- 
versity of Denver; Olive McCay, pro- 
fessor of nutrition, Cornell Univer- 


sity; and Carl Schmidt, professor of 
pharmacology, University of Penn- 
sylvania School of Medicine. The 
committee held its first meeting April 
22-23. 


In conjunction with the Interna- 
tional Nickel Company’s annual 
Kure Beach Corrosion Conference, 
to be held June 7-9, the company and 
the NRC’s Prevention of Deteriora- 
tion Center are jointly sponsoring a 
Kure Beach Marine Conference, 
at Wrightsville, North Carolina, 
June 5-6. The Monday session, 
which will be opened by Admiral J. 
F. Jelley, chief, Bureau of Yards and 
Docks, Department of the Navy, will 
hear reports on marine engineering 
problems and discussions on the salt- 
water deterioration of wood, con- 
crete, and steel. The Tuesday meet- 
ings will consider marine biological 
research, particularly recent studies 
on protection against marine borers. 
A tour of the company’s marine test- 
ing facilities will be included. Pro- 
grams may be obtained from Dr. 
Glenn A. Greathouse, NRC, 2101 Con- 
stitution Ave., Washington 25, D. C. 


The NRC’s Committee on Drug 
Addiction and Narcotics, at its 
meeting on March 10, approved the 
first two grants to be awarded under 
its new research fund. The grants 
were made to M. H. Seevers, profes- 
sor of pharmacology, University of 
Michigan Medieal School, for studies 
designed to determine the value of 
the monkey for predicting addiction 
liability to the newer synthetic anal- 
gesics; and to Henry K. Beecher, 
Dorr Professor of Research in Anes- 
thesiology, Harvard Medical School, 
for a study of methods for the elini- 
eal evaluation of new analgesic 
drugs. 

The new research fund has been 
guaranteed by Endo Products, Inc. ; 
Hoffman-LaRoche, Ine.; Lederle 
Laboratories, Ine.; Eli Lilly & Co.; 
Mallinckrodt Chemical Works; Merck 
& Co, Ine.; New York Quinine & 
Chemical Works, Ine.; Parke, Davis 
& Co.; The Upjohn Co.; and Win- 
throp-Stearns, Ine. Although the 
fund is now fully obligated, the com- 
mittee hopes to be able to consider 
additional applications later. 
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Deaths 

Thomas B. Hutcheson, dean of 
agriculture at Virginia Polytechnic 
Institute, died April 8 of a heart at- 
tack at his home in Blacksburg, Vir- 
ginia. He was 68 years old. Dr. 
Hutcheson was head of the Agron- 
omy Department at the institute for 
more than 20 years. 


H. Evert Kendig, dean of the 
Temple University School of Phar- 
maey since 1932, died April 18 in 
Philadelphia at the age of 71. Dr. 
Kendig had served on the Pharmacy 
School’s faculty at Temple for 42 
years, and received the university’s 
alumni distinguished service award 
in February, 1949. 


Vaman Ramachandra Kokatnur, 
chemist and inventor, died April 18 
at his home in New York City at the 
age of 63. Dr. Kokatnur was born 
in Athani, India, and became an 
American citizen in 1921. His pat- 
ents, totaling more than 30, have a 
wide range of industrial uses. 


Charles Drew, 45, Negro physi- 
cian and pioneer in the field of blood 
plasma, was killed in an automobile 
accident near Burlington, North 
Carolina on April 1. Dr. Drew was 
professor of surgery and head of the 
department at Howard University. 
In 1940 he served as full-time medi- 
cal director of the plasma project for 
Great Britain, and in 1941 was ap- 
pointed the first director of the blood 
banks for the American Red Cross. 


The American Library Associa- 
tion recently published a 1949 mem- 
bership directory. The 400-page vol- 
ume contains the names and ad- 
dresses of 19,694 members as of 
November 1, 1949. Copies, priced at 
$5.00, may be obtained from the 
American Library Association, 50 
East Huron Street, Chicago 11. 


Research data on atomic radia- 
tion effects is being made available 
by the Navy to civilian physicians 
and medical officers of the armed 
services and federal agencies. Path- 
ological slide study sets and litera- 
ture prepared by the Naval Medical 
Research Institute, Bethesda, Mary- 
land, have been provided to naval 
hospitals throughout the country. 
The commanding officer of each 


naval hospital will arrange for in- 
terested physicians in their area to 
join with Navy doctors in the use of 
this study material. The program 
does not replace or supplement any 
established course concerning effects 
of atomic radiation. 


The Biochemistry Branch of the 
Office of Naval Research announces 
that it is accepting research pro- 
posals for study at the fall meeting 
of its Advisory Panel. For further 
information address the Biochemis- 
try Branch, Code 442, Office of Naval 
Research, Navy Department, Wash- 
ington 25, D. C. 


The National Science Founda- 
tion Act was passed in its final form 
by the House of Representatives on 
April 27 and by the Senate on April 
28. President Truman is expected to 
sign the bill before this issue of 
Science appears. 

The Senate-House conference com- 
mittee, in writing the final version of 
the bill, accepted the budget ceilings 
of $500,000 for the first year and 
$15,000,000 a year thereafter, that 
were included in the House bill. The 
conference committee gave greater 
power to the board and less to the 
director and the (optional) executive 
committee then had the bills passed 
earlier by the two houses. Although 
this change is in the direction of the 
bill vetoed in 1947 by President Tru- 
man, his other objections to the 
earlier bill have been met and so his 
signature is expected. 

The final bill left out entirely the 
controversial loyalty amendments in- 
troduced by Representatives Smith 
and Flood and substituted a new see- 
tion which requires clearance of all 
persons who have access to material 
affecting national security; it does 
not require clearance of other per- 
sons. Scholarship and fellowship 
holders will be required to sign an 
affidavit of loyalty and an oath of 
allegiance. 

‘he next task is for President Tru- 
man to select the 24 members of the 
board. He has already received 
nominations for those posts from 
some of the agencies invited in the 
bill to suggest board members. The 
director cannot be appointed until 
after the board has held its first 
meeting and had an opportunity to 


suggest possible candidates for the 
position. 

This bill is frankly a compromise, 
but perhaps as good a compromise as 
could be obtained now. If changes 
seem necessary later, amendments 
can be made. In the meantime the 
Foundation can get started on its 
task of developing and helping to 
implement a national policy for the 
promotion of basic research and edu- 
cation in the sciences. 


Recently Received— 


Report of the Medical Research Coun- 
cil, 1945-48. Committee of Privy 
Council for Medical Research. His 
Majesty’s Stationery Office, Lon- 
don, W. C. 2. 5s. 

The Salticid Spiders of Jamaica. Eliz- 
abeth B. Bryant. Vol. 103, No. 3, 
Bull. of Museum of Comparative 
Zoology, Harvard College, Cam- 
bridge, Mass. 

Types of S. Typhosa in Israel and 
the Near East and Their Epidemio- 
logical Significance. L. Olitzki and 
M. Shelubsky. Research Council of 
Israel. Azriel Printing Works, 
Jerusalem. 3s. 

Studies of South American Plants, 
xl. A. C. Smith. Vol. 29, Part 
8, Smithsonian Institution. U. S. 
GPO, Washington 25, D. C. 35 
cents. 

Non-Parasitic Disorders of Apple 
Fruits in Australia. W. M. Carne. 
Bull. 238, Council for Scientific 
and Industrial Research. 314 Al- 
bert St., East Melbourne, C.2, Vie- 
toria, Australia. 

Transactions of the Royal Society 
of Edinburgh. Vol. 61, Part 3. 
Oliver and Boyd, Tweeddale Court, 
Edinburgh; 98 Great Russei St., 
London. 54s. 

Biological Antioxidants. Trans. Third 
Conference. Oct. 7-8, 1948. Cosmo 
G. Mackenzie, ed. Josiah Maey, 
Jr. Foundation, 565 Park Ave., 
NYC. $2.70. 

Blood Clotting and Allied Problems. 
Trans. Second Conference, Jan. 
24-25, 1949. Joseph E. Flynn, ed. 
Josiah Macy, Jr. Foundation, 565 
Park Ave., NYC. $2.25. 

Metabolic _Interrelations. Trans. 
First Conference, Feb. 7-8, 1949. 
Edward C. Reifenstein, Jr., ed. 
Josiah Macy, Jr. Foundation, 565 
Park Ave., NYC. $2.95. 
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Large stage moves up and 
down for finer, faster focusing. 


The PANPHOT combines permanently 
aligned microscope, camera and light 
source in one convenient unit. 


Panphot 


Universal Camera Microscope 


Only the Leitz PAN PHOT enables you to switch from microscopic obser- 
vation to photo-micrography without moving from your chair. Change- 
over from one to the other is fast, simple, dependable. 


Now available to biological and clinical laboratories, the PAN PHOT is 
a perfect combination of research microscope and reflex camera. The 
PANPHOT permits the use of any type of illumination—transmitted 
light, reflected light, darkfield illumination and polarized light. The 
camera accommodates 314” x +14” plates or cut film for black and white 
or color work. 


A full range of accessories is available to equip the PAN PHOT for every 
phase of photo-micrography, photo-macrography and for drawing and 
projecting micro-images. 


Write today for information to Dept. SC 
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES + SCIENTIFIC INSTRUMENTS + LEICA CAMERAS AND ACCESSORIES 


2 ' 9 \ 
! 


Outstanding Books in Agriculture 
Published 1946 — 1949 
FARM WORK SIMPLIFICATION 
By LawreENce M. VauGHAN and Lowe Lt S. 1949. 145 pages. 49 
illus. $2.80. 
*PRACTICAL POULTRY MANAGEMENT 
Fifth Edition. By James E. Rice and Haroxp E. Botsrorp. 1949. 614 pages. 
323 illus. $3.96. 


FARM RECORDS and ACCOUNTS 
By JoHN NorMan EFFERSON. 1949. 281 pages. Illus. $3.25. 


*CORN and CORN GROWING 
Fifth Edition. By Henry A. WaLLaAcE and Eart N. BressMaANn. Fifth Edition 
prepared by J. J. NEwLtn, Epcar ANDERSON, and Eart N. BRESSMAN. 1949. 
424 pages. Illus. $4.50. 

**MARKETING POULTRY PRODUCTS 
Fourth Edition. By Ear: W. BENJAMIN, Howarp C. Pierce, and Wituiam D. 
TERMOHLEN. 1949. 389 pages. 165 illus. $6.00. 

The AVIAN EGG 
By Aexis L. ROMANOFF and Anastasia J. ROMANOFF. 1949. 918 pages. 435 
illus. $14.00. 

FERTILITY and HATCHABILITY of CHICKEN and TURKEY EGGS 
Edited by Lewis W. Taytor. 1949. 423 pages. Illus. $5.00. 

SOIL PHYSICS 
Second Edition. By L. D. Baver. 1948. 398 pages. Illus. $4.75. 

“CROP MANAGEMENT and SOIL CONSERVATION 
Second Edition. By the late JosepH F. Cox and LyMan E. Jackson. 1948. 572 
pages. 200 illus. $3.80. 

“FARM SOILS 
Their Management and Fertilization. Fourth Edition. By EDMUND L. WorTHEN. 
1948. 511 pages. 199 illus. $3.24. 

DAIRY MANUFACTURING PROCESSES 
A Handbook for Dairy Plant Workers and Short Course Students. By Everett L. 
Fouts and THEoporE R. FREEMAN. 1948. 237 pages. $3.50. 

The ICE CREAM INDUSTRY 
Second Edition. By Grover D. TurNnsow, P. H. Tracy, and L. A. RAFFETTO. 
1947. 654 pages. Illus. $6.00. 

VEGETABLE GROWING 
By J.S. SHOEMAKER. 1947. 506 pages. Illus. $4.50. 


**FEEDING POULTRY 
By G. F. Heuser. 1946. 543 pages. Illus. $5.00. 


* A book in the Witty Farm Serigs, edited by A. K. Getman and E. R. Eastman. 
** A book in the Witey Pouttry SciENCE Series, edited by James E. Rice. 


Send for copies on approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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New Books of Interest 


INTRODUCTION to THEORETICAL IGNEOUS PETROLOGY 


By Ernest E. WAHLSTROM, University of Colorado. Brings together the basic facts 
and ideas of modern igneous petrology. Laboratory studies of physical properties of 
minerals and rocks and extensive investigation of the cooling characteristics of arti- 
ficial melts are described in physico-chemical terms. The quantitative approach 
is stressed so readers can understand and appraise critically this type of material. 
April 1950. 365 pages. 159 illus. $6.00. 


INDUSTRIAL CHEMICALS 


By W. L. Fairu, Corn Products Refining Company, DoNaLp B. Keyes, Heyden 
Chemical Corporation, and RoNaLp L. Crark, Mellon Institute for Industrial Re- 
search. The first one-volume compilation of important technical and economic 
data concerning the major industrial chemicals. The selection of the 106 chemicals 
treated has been limited to those made at least in part by synthetic or biochemical 
methods. Ready in August. Approx. 957 pages. Prob. $8.00. 


INTRODUCTION to TEXTILE CHEMISTRY 


By Bruce E. Hartsucn, Michigan State College. Covers all important textile 
fibers in detail: development and history, manufacture and processing, physical and 
chemical properties, and reactions. Ready in August. Approx. 401 pages. Prob. 
$4.50. 


TEXTILE CHEMISTRY in the LABORATORY 


By Bruce E. HartsucH. 55 experiments covering the chemistry of wool, silk, 
cotton, rayon, hard water, and soap. They illustrate the chemical reaction involved 
in the preparation, manufacture, processing, and maintenance of textile materials. 
Ready in August. Approx. 72 pages. Prob. $1.50. 


METHODS of STATISTICAL ANALYSIS 


By A. Hap, University of Copenhagen. Emphasis is placed on methods useful in 
engineering. This present edition in English contains new material on quality con- 
trol not included in the original Danish edition. Ready in June. Volume I—Text: 
Approx. 654 pages; Prob. $7.50. Volume II—Tables: Prob. $1.50. 


Send for copies on approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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VITAMIN 
METHODS 


(in twe vols.) 

Volume I x, 571 pages, $10.00 

Edited by Paut Gyoérey 

Contributors: Otto A. Bessey, Paul 
Gyorgy, Erich Hirschberg, Esmond E. 
Snell, Eric T. Stiller 


THE ALKALOIDS 


CHEMISTRY AND 
PHYSIOLOGY 

(in four vols.) 

Volume I viii, 525 pages, $10.00 

Edited by R. H. F. Manske and 

H. L. Hotmes 

Contributors: H. L. Holmes, W. O. 
Manske, Leo Marion 


ADVANCES IN 
AGRONOMY 


Volume I xii, 439 pages, $7.50 

Edited by A. G. NorMAN 

Contributors: K. C. Berger, Francis 
E. Clark, A. S. Crafts, L. A. Dean, J. E. 
Gieseking, W. A. Harvey, Randall J. 
Jenes, Howard T. Rogers, Ora Smith, 
Cc. H. Wadleigh, Martin G. Weiss, Wil- 
liam J. White 


ADVANCES IN 
PROTEIN 
CHEMISTRY 


Volume V_ x, 481 pages, $7.50 

Edited by M. L. Anson and 

Joun T. Epsati 

Contributors: James G. Allison, Albert 
Claude, Joseph S. Fruton, K. H. Gus- 
tavson, J. W. H. Lugg, Harold P. Lund- 
gren, Thomas L. McMeekin, B. David 
Polis, G. R. Tristram 


ss A ademic P. eons 


SURFACE-ACTIVE 
QUATERNARY 
AMMONIUM 
GERMICIDES 


By C. A. LAWRENCE 
viii, 245 pages, $6.00 


PHYSICAL 
CHEMISTRY 

OF THE 
HYDROCARBONS 


din two vols.) 

Volume I x, 453 pages, $8.50 

Edited by ADALBERT FarKAs 
Contributors: M. R. Cines, Norman D. 
Coggeshall, Alfred W. Francis, Andrew 
Gemant, M. H. Jellinek, J. J. Mitchell, 
Frederick D. Rossini, G. W. Wheland 


ADVANCES IN 
CATALYSIS 


AND RELATED SUBJECTS 
Volume II xii, 292 pages, $6.80 

Edited by W. G. FRANKENBURG, 

V. I. Komarewsky and 

E. K. 

Contributors: Otto Beeck, V. N. Ipa- 
tieff, T. H. James, Charles Kemball, 
Alwin Mittasch, Louis Schmerling, 
George-Maria Schwab, Frederick Seitz, 
J. H. Simons 


ADVANCES IN 
ELECTRONICS 


Volume II x, 378 pages, $7.60 

Edited by L. Marton 

Contributors: Donald K. Coles, H. 
Frohlich, G. F. J. Garlick, P. Grivet, 
Gunnar Hok, G. Liebmann, Hilary 
Moss, George T. Rado, J. H. Simpson 


JOURNALS - 1950 


Archives of Biochemistry 


Experimental Cell Research 


Journal of Colloid Science 
The Journal of Experi- 
mental Biology 


Volumes 25-29 @ $6.50 per volume 


Volume 1 @ $10.00 per volume 
Volume 5 @ $12.00 per volume 
Volume 27 @ $10.00 per volume 
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ENGINEERING Ionization Chambers and Proportional 


VOLUME II OF THE COLSTON 
PAPERS 

viii, 260 pages, $4.00 

Edited by A. G. Pucstey and 

D. R. Rexwortuy 

Contributors: J. C. Chapman, H. L. 
Cox, M. S. G. Cullimore, A. J. Francis, 
N. J. Hoff, H. G. Hopkins, M. R. Horne, 
W. Lansing, R. B. McCalley, J. B. B. 
Owen, I. H. Phillipps, A. J. S. Pippard, 
A. G. Pugsley, J. W. Roderick, R. V. 
Southwell, S. R. Sparkes, A. van der 
Neut, F. Vogt, G. Winter 


HISTORY OF 
PHYSICS 


By Max von Lave 
Translated by RALPH OEsPER 
150 pages, $2.30 


PHYSICAL 
METHODS IN 
CHEMICAL 
ANALYSIS 


din two vols.) 

Volume I xvi, 664 pages, $12.00 

Edited by G. Bert 

Contributors: L. O. Brockway, Wallace 

R. Brode, George L. Clark, William L. 

Davidson, Robert D. Heidenreich, 

James H. Hibben, John A. Howsmon, 

Harold H. Nielsen, Robert A. Oetjen, 

J. Sherman, John K. Taylor, Leroy W. 

— Harold W. Washburn, C. D. 
est 


COUNTING TUBES 
THEORY and APPLICATIONS 
By S. C. Curran and J. D. Craces 

xii, 238 pages, $5.50 

Contents: Introduction —Kinetic 
Theory of Discharges and Ionization— 


tion of Counting Tubes—Circuits for 
Use with Counters -— Counters in 
Atomic and Nuclear Research—Special 
Forms of Counters—Applications to 
Cosmic Ray Studies 


THE HORMONES 


PHYSIOLOGY, CHEMISTRY 
AND APPLICATIONS 

din twe vols.) 

Volume II x, 782 pages, $12.50 

Edited by Grecory Pincus and 

KennetTH V. THIMANN 

Contributors: Leslie L. Bennett, H. 
Blaschko, Ralph I. Dorfman, Herbert 
M. Evans, Harry Freeman, F. W. Land- 
grebe, David Nachmansohn, George 
Howard Parker, Gregory Pincus, Wil- 
liam T. Salter, Miriam E. Simpson, H. 
Waring 


TISSUE CULTURE 
TECHNIQUE 


By Giapys CAMERON 


MECHANICS OF 
DEFORMABLE 
BODIES 


LECTURES ON THEORETICAL 
PHYSICS 

Volume II 

By ARNOLD SOMMERFELD 

Translated by G. Kuerti 

Contents: Kinematics, Statics, Dy- 
namics of Deformable Bodies—Vortex 
Theory—Theory of Waves—Flow with 
Given Boundaries — Supplementary 
Notes on Selected Hydrodynamic Prob- 
lems—Supplements to the Theory of 
Elasticity — Problems — Answers and 
Comments 


Academic Press Ince., Publishers 
@ New York 10, New York 


125 East 23 Street 
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CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


179 EAST 87th STREET 
NEW YORK, N. Y. 


KLETT MANUFACTURING CO. 


KLETT 
ELECTROPHORESIS 


Student Wode 
RECTANGULAR WAVE STIMULATOR 


A revised S-3 stimu- 
lator with added fea- 
tures for student and 
aboratory use. Many 
Zeatures which were 
here-to-fore available 
with only expensive 
research stimulators, 
, are now available in 
= a low cost general 
purpose instrument 
produced by the Bio- 
Electronic Laboratory. 
The three parameters 
(repetition rate, pulse 
width, output volts) 
the rectangular 

ve can be controlled 
independently with no 


ducible stimulus. 
RECTANGULAR PULSE OUTPUT, (less than 5 microsec. rise time). 
VARIABLE PULSE DURATION control from .1 to 3 milliseconds. 
Repetition rate from .5/sec. to 250/sec. (approx). 
Voltage output is from 0-70 volts, in three 
steps as follows: O te to 70. The zero’to one volt scale 
is excellent for Pr BB tg the STRENGTH DURATION CURVE 
of various excitable tissues 
CALIBRATED SPOT T_ FREQUENCIES provided on dial. 


Frequency is IND F VARIATIONS IN LINE. 
VOLTAGE. 
Frequency, pudse width, and output can be independently varied 


WITH NO INTERACT: ‘ION. 

CALIBRATED OUTPUT VOLTAGES provided, sees the 

tissue to be stimulated at any predetermined output vi 

CALI TED PULSE WIDTH control provided, pecniaiion stimu- 

lation at any predetermined pulse width. 

SINGLE STIMULUS switch provided for manual triggering. 

SIGNAL MAGNET connections available. 

Adequate a. Tube complement 5V4 VR150 2050 6H6 6SN7 

6SN7 6SN7. Cabinet size 12 x 7 x 72. Panel size 12 x 7, Ye” 

aluminum. anne for 115 volts 60 cycles. 

Single and double channel research models available. The double 

channel stimulator permits conditioning the nerve with an accurately 

controlled train of pulses followed by the stimulus pulse. All 

Parameters in the stimulus pulse and the conditioning train of pulses 

are completely at the control of the operator. 
BIO-ELECTRONIC Laboratory = 


e 1121 
NEW HAVEN, CONN. 


Recent Publications 


CARNEGIE INSTITUTION 
OF WASHINGTON 


WASHINGTON 5, D. C. 


Publ. No. 


564 Clausen, Jens, David D. Keck, and William M. 
iesey. Experimental Studies on the Nature of 
Species. II. Plant Evolution through Amphi- 
ploidy and Autoploidy, with Examples from the 
Madinae. Octavo, vii + 174 ., 86 figs. Second 
printing 1949. $1.00-paper; 3 50 cloth. 


Contributions to American Anthropology and 
History, Volume X, Nos. 48-51. k uarto, 
186 pp., 26 figs. $4.00 paper; $1.50 cloth. 

No. 48. A. Barrera Vasquez and S. G. Morley 

The Maya Chronicles. 
No. 49. R. L. Roys—Guide to the Codex Perez. 
No. 50. A. V. Kidder, H. S. and C. B. Cosgrave 
_ Pendleton. Ruin; -Hidalgo County, New 
Mexico. 

No. 51. R. L. Roys—The Prophecies for the 

Maya Tuns or am in the Books of Chilam 
Balam of Tizimin and Mani. 


Year Book 48. 1 July 1#8-30 June 1949. Reports on 
current research eae all the departments of the 
Institution. 1950. Octavo, xxxvi+14+258 pp. 
$1.00 paper; $1.50 cloth. 


The Carnegie Institution of Washington, 1530 P Street 
N.W., Washington 5, D. C., has published some 900 
volumes covering the wide range of its researches. 
Orders may be placed direct or through regular deal- 
ers. Advise subjects in which you are interested, and 
catalogue will be sent upon request. 
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PHOTOVOLT 4 BACK IN PRINT 


Ra d lat on-Detect I on In response to ia ea we have again 
Densitometer Mod. 500-R made available this invaluable sai 


> Atomic Structure 
of Minerals 


By W. L. Bragg Langworthy Professor of 
Physics, The Victoria University of Man- 
chester 


“Comprises a thorough survey of the entire field 
of the internal geometry of crystals and will prove 
of inestimable value to all concerned with the 
classification of minerals, as well as those who 
seek to discover the basic principles of crystal- 
lography.”—Scientific Book Club Review 


A photoelectric instrument for the exact measure- “The investigation of atomic structure by means 
ment of density of X-ray film employed in personnel of x-rays has now gone far enough to give us 
monitoring for protection aga ast harmful radiation of 
important chemical groups of munera an 

in nuclear, radioactive isotope, and X-ray work enable us to make a reclassification of mineral 
Write for Bulletin #270 to species on a more fundamental basis. This book, 


therefore, is a most important one for every 
P H O T ‘@) V Oo L T ¢ oO R P. mineralogist.”—American Journal of Science 


95 Madison Ave. New York 16, N. Y. 305 pages, frontispiece. $3.75 


Pound Sterling Devaluation Means 
NEW LOW PRICES A WIDELY-USED TEXT 
The Nature of 


on British Optical Instruments 


e 
; the Chemical Bond 
. and the Structure of Molecules and Crystals: An 
STR Introduction to Modern Structural Chemistry 
By Linus Pauling Professor of Chemistry, 
California Institute of Technology 
“Marks a most significant modern advance in the 
field of molecular structure. . . . No book on the 
subject presents a clearer, more unified panorama 
of the field.” 
HILGER TWO PRISM —Sidney J. French, Journal of Chemical Education 
RAMAN SPECTROGRAPH 
WITH vee /LS ond BRT. “A clearly written survey of the nature of chemi- 
Ask for jane H-1 cal binding as seen from the view-point of the 
Prism and Grating Spectrographs atomic orbital methods.”—Robert S. Mulliken, 
Microphotometers, Source Units and Accessories The Journal of Physical Chemistry 
olarizing, Metallurgica 
Polarimeters and Saccharimeters —o , 466 pages, 89 figures, 57 tables, 
efractometers—. rich, ection, Differenti 
Ultra-violet Spectrophotometers ’ oe 2nd edition, $4.50 
Infra-red Spectrophotometers 
Monochromators and Spectrometers 
Raman and Vacuum Spectrographs 
Interferometers Write fi 
RNELL UNIVERSITY PRE 
JARRELL ASH rk) e@ 164 Newbury Street co: SS 
- 2 Boston 16, Mass. 124 Roberts Place, Ithaca, New York 
“If it?s an optical instrument, think of Jarrell-Ash!”’ 
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FOCUSING ZIRCONIUM 


New 


Radically 
different! 


“ZIRCONARC” PHOTOMICROGRAPHIC LAMP 


For better black-and-white and 
color photomicrographs 


Combines the concentrated light of the Western Union 
are light bulb (about 1 mm dia.) with our fluorite- 
coated, -7-element aplanatic optical system of highest 
correction, free from chromatic aberration. . . . Prac- 
tically harmless to living cultures. . . . Built with the 
same precision as the microscope itself. Over-all 
length of lamp, 10 ”. Height, 644”. Base, x 
6". Price, complete with power unit and 40-watt 
‘bulb, $325. Order direct or from leading supply 
-dealers, 


Write for Bulletin ZL-321S 


-FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N. Y. \ 


STATHAM 
Manometer and Control Unit 


EKG 
or 
Recorder 


Illustrated above is a complete system for the re- 
cording of rapid pressure fluctuations in the ranges 
encountered in physiological research. We invite 
you to contact us for details of the Statham un- 
bonded strain gage manometer. 


LABORATORIES 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 


For Marking TIME-LINES 
use the 
FRANZ KYMO TIMER 


and obtain instrument-like scales such as these 


(Upper divisions, 1/5 and 1 seconds; lower divisions, 
10 and 60 seconds) 


Operate your kymograph at ANY speed. Your 
Franz Kymograph Timer will always mark a time 
scale of the finest readable divisions, (1/5 second, 
1 second, 10 seconds and 60 seconds, simultane- 
ously). No adjustment is required. Simply plug 
it into any 110 volt 60 cycle circuit. No auxiliary 
equipment is required. Mounts on any laboratory 
“stand. Price, complete in carrying case, for soot- 
writing type $20.00; for ink-writing type $25.00. 


Order from 
FRANZ MFG. CO., INC. 
New Haven 11, Conn. 


Literature Available 


‘*VACSEAL”’ 


MEANS DEPENDABILITY IN 
GUINEA PIG COMPLEMENT 


Since 1939, Carworth Farms has been the 
largest producer of guinea pig complement in 
this country. We are now distributing this ma- 
terial under our own label, ““Vacseal’’, at a more 
favorable price. 


It is well known that the production of this 
biologic requires great care. Our long experi- 
ence and large output enable us to offer a su- 
perior product to the laboratory worker. We 
invite you to try “Vacseal” Guinea Pig Com- 
plement, available in glass ampules with a 
special diluent for restoration to the following 
amounts: 
3cc 20cc 


Any recognized laboratory will receive a trial 
3 cc package on request. 


CARWORTH FARMS nc 


"NEW CITY: ROCKLAND COUNTY - NEW YORK 
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AAAS announces two new books to 
be published in May, 1950 


Centennial 


74 x 103 inches, double column, 
clothbound, about 320 pages 


Brucellosis 


6 x 9 inches, illustrated, 
clothbound, 
about 270 pages 
Symposia presented 
to commemorate 
the first hundred 
years of AAAS in- 
clude 42 papers by 
leading scientists 
in thirteen major 
fields: 


This AAAS sym- 
posium volume pre- 
sents in 24 papers 
a comprehensive 
view of Brucellosis. 


The National In- 


titut f Health. 
tentials 


ment of Agricul- DEPARTMENT o ae Human Indi- 


Sciences of Society 


ture, and the Na- viduality 

tional Research Food and Nutrition 

Council who co- Housing 

sponsored the ver- World Health 
Problems 


bal presentation of 
these treatises, suc- 
ceeded in obtaining 

as contributors pio- ADVANCEMENT 
neers in this com- 
paratively new 
field. 


Sources of Energy 

The Upper At- 
mosphere 

The World’s Natu- 
ral Resources 

Genes and Cyto- 
plasm 

High Polymers 

Interactions of 


BRUCELLOSIS merits the attention of a and 
ici i ienti d Radiation 
agricultural scientist, an 
emist. Rhyt 


Your library will be enriched because 
of the scientific and historic value of 


this unique symposium volume. 


Cash price to AAAS members $3.50 
Nonmembers and institutions $4.00 Cash price to AAAS members $4.50 


Nonmembers and institutions $5.00 


Note: Members may use the special prices only for 
prepaid orders and for one copy of each publication. 


AAAS, 1515 Massachusetts Avenue, N.W., Washington 5, D. C. 


Enclosed find my check or money order in the amount of $..... ere 
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Personnel Placement 


Personnel Placement 


CHARGES and REQUIREMENTS 
for “PERSONNEL PLACEMENT” Ads 


1. Rate: 15¢ per sy minimum charge $3.00 for each 
insertion. If desired, “Box Number” will be supplied, 
so that replies can be directed to SCIENCE for immediate 
forwarding. Such service counts as 8 words (e.g., a 25- 
word ad, plus a “Box Number”, equals 33 words). All 
ads will be set in regular, uniform style, without display; 
the first word, only, in bold face type. 

For display ads, using type larger or of a different 
style than the uniform settings, enclosed with separate 
border rules, the rate is $16.00 per inch; no extra charge 
“Box Numbers”. 

Advance Payment: All Personnel Placement ads, classi- 
fied or display, must be accompanied by correct remittance, 
made payable to SCIENCE. Insertion can not be made 
until payment is received. 

3. Closing Date: sg eng must be received by 
SCIENCE, 1515 Mass. Ave., N.W., Washington 5, D. C., 
together with advance remittance, positively not later than 
14 days preceding date of publication (Friday of every week). 


POSITIONS OPEN 


Bacteriologist (Male): Texas school with new building and de- 
veloping program wants Assistant Professor with Ph.D. and some 
teaching experience. Box 137, SCIENCE. a 


Bacteriologist-Microbiologist: M.S., with experience preferred, to 
take charge of bacteriological control laboratory in plant of well 
established eastern pharmaceutical manufacturer. Please give com- 
plete details including age, education, aaa and salary ex- 
pected in first letter. Box 146, SCIEN 5/12 


Biochernist, Physiologist, or Pharmacologist for research job with 
pharmaceutical manufacturer: (Ph.D.). Must be well grounded 
in basic medical sciences, experience in enzymology required. 
Salary open. Give complete details, including age, education, ex- 
perience, salary expected in first letter. Box 141, SCIENCE. 5/12 


POSITIONS WANTED 


B.A. (Botany), Ph.D. (Major: Photozoology, Minor: Bacteri- 
ology); four years, teaching and research, university department 
of microbiology ; ;_eight years, animal pathologist (including teach- 
ing microbiology), state university; for further information. please 


write Burneice Larson, Medical Bureau, Palmolive Building, 
Chicago. 
Bacteriologist: Ph.D., June. Biochemistry. Dairy Bacteriology, 


University Fellow, Sigma Xi, Phi Sigm Desires industrial 
fermentation or pharmaceutical research. Sox 130, SCIENCE. X 


Bacteriologist: Ph.D., age 32. Bacterial physiology, medical 
bacteriology. Five years’ teaching. Research mainly in spore 
germination and enteric bacteriology. Prefers research or teach- 
ing in Southwest or Midwest. Box 142, SCIENCE x 


Botanist: Candidate for Ph.D., August 1950. 
teaching and research position in college. 
perience. Box 136, SCIENCE. 


Desires teaching or 
Successful teaching = 


Botanist: Ph.D., desires teaching-research position. Two years 
postdoctoral teaching in Taxonomy, General. cryptogamic and 
economic botany. Publications. Box 120, SCIENCE. 5/5 


Potanist: Woman. Desires laboratory or teaching position. M.S. 
Mycology; 60 hours toward Ph.D.; Chemistry, Zoology back- 
ground. Some teaching experience. "Box 143, SCIENCE. x 


Industrial and Agricultural Microbiology, Chemistry. Teaching 
desired; would consider research. M.S., 7 eal and industrial 
experience. Publications. Box 139, SCIENCE x 


M.S.: Biochemistry, Physiology or Pharmacology to do laboratory 
research in the biochemical field with emphasis on endocrinological 
studies. No experience necessary. Submit personal history data, 
including age. education, salary expected, etc., in first letter. Box 
145, SCIENCE. 5/12 


Ph.D. or equivalent in Physical Chemistry or Biophysics for east- 
ern pharmaceutical manufacturer. Able to assume high level re- 
sponsiblity and initiate original research. Job involves application 
of physical methods to biological studies and development of ex- 
perimental methods of analysis. Experience in biological spectro- 
scopy desirable but not essential. Salary open. Send aes 
educational, professional and personal data to Box 140, SCIE “ 

/ 12 


Physiologist: Desire young man with Ph.D. Must be qualified 
to teach General or Comparative Physiology. Dept. of Zoology, 
State University, Southwest. Box 138, SCIENCE. Xx 


Organic Chemist: Ph.D., Canadian, age 35, six years’ research and 
development experience "desires responsible position with future. 
Experience in sales work. Alexander Hamilton Business training. 
Box 135, SCIENCE. >, 


Research Organic Chemist: 
proteins, 
perience. 


Ph.D., age 33, 10 years experience in 
amino acids, pharmaceuticals. Three years teaching ex- 
Research or academic position. Box 144, SCIENCE. X 


Positions Open: 

(a) Young physician qualified in biochemistry to become associated 
with pathologist, Diplomate and FCAP, director of laboratories, 
large general hospital; new laboratory department now being com- 
pleted; metropolitan area of the East. (b) Two staff members for 
pharmacy department, state university; one should be qualified in 
pharmacognosy, the other in pharmacy; Middle West. (c) In- 
structor, radiographic technique; teaching and research —— 
required; department, radiology, university medical school; $4800. 
(d) Immunologist, Ph.D. or M.D.; senior post, research’ depart- 
ment, pharmaceutical company; duties primarily research on ani- 
mal evaluation of new substances for pharmaceuticals. (e) Bio- 
chemist; Ph.D. or M.D. to head division of biochemistry, large 
teaching hospital; opportunity faculty appointment; $6500—-$8500. 
(£) Young men ‘with Ph.D., D.D.S., or M.S. degrees and com- 
petent in teaching gross anatomy, histology, embryology or neuro- 
anatomy; salaries and ranks dependent upon qualifications. S5-1 
Burneice Larson, Medical Bureau, Palmolive Building, Chicago. X 


Zoclogist: Position of Instructor, in an Eastern College for Wo- 
men, for a young woman with an-M.A: Box 133, SCIENCE. 5/12 


The Market Place 


Technical information specialist: Graduate organic chemists, ex- 
perienced in abstracting, report writing, compiling bibliographies, 
locating technical information. J.aboratory experience in plastics, 
pharmaceuticals. _Read German, French. Prefer West Coast. 
Box 117, SCIENCE. 5/5, 5/19 


REPLIES received from ONE 
classified ad in SCIENCE . 
YOUR ad here will get RESULTS @ 


AVOID DELAY ... . Cash in Advance payment 


MUST be enclosed with ALL classified ads. 
(See “Charges and Requirements” above.) 


MAMMARY TUMORS IN MICE 


VIII +223 pages, 7%2x10'% inches, 
double column, illustrated, clothbound 


Reproduced, new price $3.50 
(to AAAS members $3.00) 


This symposium volume of the AAAS has, dur- 
ing the five years since its publication, attracted in- 
creased attention. After having been reported out 
of print for some time, the volume is again avail- 
able. It contains 12 papers, contributed by mem- 
bers of the National Cancer Institute. Send re- 
mittance with order to AAAS Publications, 1515 
Massachusetts Ave., N.W., Washington 5, D. C. 


for AAAS SYMPOSIUM and other PUBLICATIONS 
See page 16, April 28th issue. 
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The Market Place 


The Market Place 


CHARGES and REQUIREMENTS 
for “MARKET PLACE” Ads 


1. Rate: 20¢ per word for classified ads, minimum charge 
$5.00 for each insertion. Such ads are set in uniform style, 
without display; the first word, only, in bold face type. 
For display ads, using type larger or of a different style 
than the uniform classified settings, and entirely enclosed 
with separate rules, rates are as follows: 


Single insertion $16.00 per inch 
7 times in 1 year 14.50 per inch 
13 times in 1 year 13.00 per inch 
26 times in 1 year 11.50 per inch 
52 times in 1 year 10.00 per inch 


2. Payment: For all classified ads, — in advance is 
required, before insertion can be ma Such advance 
remittances should be made payable o SCIENCE, and 
forwarded with advertising “‘copy” instructions. 

For display advertisers, monthly invoices will be sent on 
a charge account basis—providing Satisfactory credit is 
established. 

3. Closing Date: Classified advertisements must be received 
by SCIENCE, 1515 Massachusetts Avenue, N.W., Wash- 
ington 5, D. C., together with advance remittance, positively 
not later than 14 days preceding date of publication (Friday 
of every week). 

For proof service on display ads complete “‘copy”’ instruc- 
tions must reach the publication offices of SCIENCE, 1515 
Massachusetts Avenue, J.. Washington 5, D. C., not 
later than 4 weeks preceding date of publication. 


BOOKS 


| THE DICTIONARY OF 


PHILOSOPHY | 


Edited by DAGOBERT D. RUNES | 

with the collaboration of 70 eminent scholars I 

“By far the most authoritative book of its kind.” || 

—Prof. Karl Jaspers. $6.00 |) 

PHILOSOPHICAL LIBRARY, Publishers | 


— YOUR PERIODICALS —, 


We need Complete Sets, Runs. Volumes and Single numbers. 
CASH IN on your periodical accumulations NOW! 
COLLEGE LIBRARY SERVICE @ Dept. A, Box 311, N. Y. 3 


Also send us your list of wants 


PROFESSIONAL SERVICES 


SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 
specifications and drawings. Inquiries invited. 
Estimates furnished. 


MACHLETT & SON 
New York 10, N. Y. 


218 East 23rd St. 


LABORATORY RESEARCH WANTED—or testing of a — 
new material called Hannaturmycin. It has shown g 
sibilities as a treatment against virus diseases. Will rade 
Hannaturmycin material free gratis to three or four research 
laboratories. 


Write LESTER W. HANNA, Forest Grove, Oregon. 
Universities and out 
AMERICAN 
COLLEGE great demand for recommendations 
for ose trained in the different 
fields of Science. 


positions 
ran, from imstructorships to heads 


BUREAU 
28 E. Jack Bivd. of departments. * 
Chicago 4, fil. Our service is nation-wide. 


Since 1885 


ALBERT 
TEACHERS 


25 E. Jackson Bivd., Chicago 4, Ill. 
MEMBER NATA 
Reliable and Discriminating 
Service to Colleges and Uni- 
versities of the Nation and 

their Personnel. 


AGENCY 
and COLLEGE 
BUREAU 


SUPPLIES AND EQUIPMENT 


ASCARIS SLIDES at REDUCED PRICES 

First class work, direct to you. Entrance and modi- 

fication of sperm $1.25; Maturation stages $1.25; 

Pronuclei stage $1.00; Early cleavage $1.25; Late 

cleavage $1.25. 

M. PENNYPACKER, Zoological Laboratory @ 
University of Penn., Philadelphia 4, Pa. 


WANTED TO PURCHASE: 
SCIENTIFIC 
Sets and runs, f 4 d 
SCIENTIFIC “BOOKS 
Entire libraries and smaller collections 
WALTER J. JOHNSON 
125 East 23rd Street, New York 10, N. Y. 


Send us your Lists o tf 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted. 
Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodi les you are willing to sell 
at high market prices. J. S. 
Boyston Street, Boston 15, Massachusetts. 


cal 
CANNER AND COMPANY, 


GLYCOCYAMINE—Hydroxyproline, L-Methionine 
@AMINO ACIDS e BIOCHEMICALS 
RE-MIXED MICROBIOLOGICAL ASSAY MEDIA 


H. M. CHEMICAL COMPANY, LTD. 
144 North Hayworth Avenue Los Angeles 36, California 


e HYPOPHYSECTOMIZED RATS 


Songs to all points via Air Express 
For further information write 
808 E. 58th St. 


HORMONE ASSAY LABORATORIES, Inc. @ 37, TIL 


QUARTZWARE 


for laboratory and industry 
A_ complete line of standard laboratory ware. 
Alsocustom fabricating to meet your requirements. 
. Write for particulars. 
Quartzware Division 
THE PANRAY CORP. 
340 Canal Street, New York 13, N. Y. 


(The Market Place is continued on next page) 
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INDISPENSABLE 


in your laboratory... 


the Berheley 
MICROTOME KNIFE SHARPENER 


for perfect edges...three times faster 


The Market Place 


SUPPLIES AND EQUIPMENT 


TRANSPARENT BOXES 


Five Sizes: Maximum protection and 
visibility for samples, specimens, small 
parts and other easily lost. 
Write for leaflet TR-S. 
R. P. CARGILLE 
116 Liberty St., New York 6, N. Y. 


@ RARE 
COMMON 
Price list on Request 


STAINS 


N Biological Laboratory “Toronto, Canada 
White SWISS Mice 20c 
Rabbits, Cavies, Chickens, Ducks, Pigeons, Hamsters 


Write J. E. STOCKER Ramsey, N. J. 


Operation is simple, eliminates honing and stropping. 
Assures hollow-ground edges that cut better and last 
much longer. Send for our Illustrated Bulletin MKS-12. 


SIXTH AND NEVIN AVENUE * RICHMOND, CALIF. 


98% Pure... 


L (+) GLUTAMINE 


G & W Laboratories, Inc. 
370 Ocean Ave., Jersey City, N. J. 


“VITAMIN FREE” 


CASEIN HYDROLYSATE 


For Microkiological Procedures 
and 
Vitamin Assays 


Riboflavin 


@ Folic Acid 


@ Pantothenic 
Acid 


Biotin 


Uniform—Pre-tested—De pendable 


Available As ACID Or ENZYMATIC 
Hydrolysates 


Low “Blanks” High “ 
WRITE FOR CATALOGUE +S 782 


NUTRITIONAL BIOCHEMICALS CORP. 
CLEVELAND 5, OHIO 


Maximum Acid” 


TELL . YOUR SALES STORY to the more than 33,000 SCI- 
ENCE subscribers . . . a fertile market for your Scientific 
Books, Services, or Supplies. 


: +. this same responsive audience, as evidenced by the 
increasing number of regular “Market Place’ advertisers. 
. . . PROOF that SCIENCE advertising produces results! 


Write for Rate Card 26E today—for more sales tomorrow! 


DOUGHERTY CHEMICALS 


87-34 134th Street 
Richmond Hill 18, N. Y. 
Phone: Jamaica 3-1880 


THIOCYTOSINE 


ANIMAL CAGES AND ACCESSORY 
EQUIPMENT 
ORDERS NOW ACCEPTED FOR EARLY DELIVERY 
HOELTCGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated brochure 


Clean MICE POULTRY GUINEA PIGS 


e Guaranteed suitable for your needs. 


Reasonably priced—Dependable service 


healthy well-fed animals 
JOHN C. LANDIS ¢ Hagerstown, Md. 


All Amino Ac ids (natural, synthetic, unnatural). 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 
price list. 
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THE 
nuclear 


DECADE SCALER 


for simple, reliable operation 


7. Nuclear Model 166 Decade Scaler perféctly com- 
bines the simplicity of the decade type scaler with a 
completely new* decade circuit. Developed by Nuclear 
engineers, it matches the reliability of the Higin- 
botham scale-of-two circuit. You can read the direct 

count recorded by Model 166 without any interpolation 
or addition. Thus it is easily operated by non-technical 

personnel. The new, dependable decade circuit makes Complete information on all 
Model 166 applicable to many different research and _ instruments including applica- 
routine jobs such as diagnostic or therapeutic work in tions, specifications, features, 
medicine, metallurgical testing, geological assaying —yimensions, etc. Also details 
and monitoring. on NUCLEAR’S special services 
Where simplicity of readings and reliable results are and products. No organiza- 
required, specify the Nuclear Model 166, the finest tion engaged in nucleonics 
decade type scaling unit you can buy. should be without this com- 


*Several instruments actually field tested for over two years. plete catalog! 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
237 West Erie Street + Chicago 10, Illinois Cable Address: “‘Nuclear”’ 


@ Scaling Units for Every Type of Radiation Counting @ Glass Wall, Mica Window, and Windowless Counters 


@ Complete “Packaged” Counting Systems Portable Count Rate Meters. 
@ Health Menitering: lostruments for Personnel Protection Line of Hee the Nuclear Laboratory 


nuclear “PRECISION on NUCLEAR MEASUREMENTS” 
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(15) Spencer Microscope 


HOW TO USE AUTOFOCUS 


FOR FIRST SLIDE 
With coarse adjustment, 
1 rack down 10X or 43X 
objective to the stop. 
Critically focus with fine 
adjustment. 


MICROSCOPE IS NOW IN 
AUTOFOCUS FOR ALL OBJECTIVES 


TO USE OIL 
IMMERSION OBJECTIVE 
Rack up the coarse 

3 adjustment and place a 
drop of oil on the slide. 


Rack down coarse 
adjustment to stop. 


MICROSCOPE IS IN OIL CONTACT AND 
STILL_IN FOCUS—subject to minor correc- 
tions with fine adjustment due to thickness of 
specimen. 


**Autofocus’’ is made possible by a unique focusing stop built into the new 
AO Spencer Microscopes. The stop also makes it impossible to rack the 
objective into the condenser. For further information about the many 
advantages of these new microscopes, write Dept. E1. 


[ 

| 

— 

4 
] 
“4 
i 
ee | INSTRUMENT DIVISION e BUFFALO 15, NEW YORK oe 

by 


